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PREFACE 


The  volumes  of  the  International  Library  of  Technol<^y  are 
made  up  of  Instruction  Papers,  or  Sections,  comprising  the 
various  courses  of  instruction  for  students  of  the  International 
Correspondence  Schools.  The  original  manuscript  for  each 
Instruction  Paper  is  prepared  by  a  person  thoroughly  qualified, 
both  technically  and  by  experience,  to  write  with  authority 
on  his  subject.  In  many  cases  the  writer  is  regularly  employed 
elsewhere  in  practical  work  and  writes  for  us  during  spare  time. 
The  manuscripts  are  then  carefully  edited  to  make  them  suitable 
for  correspondence  work. 

The  only  qualiiication  for  enrolment  as  a  student  in  these 
Schools  is  the  ability  to  read  English  and  to  write  intelligibly 
the  answers  to  the  Examination  Questions,  Hence,  our  stu- 
dents are  of  all  grades  of  education,  and  our  Instruction  Papers 
are,  therefore,  written  in  the  simplest  possible  language  so  as 
to  make  them  readily  understood  by  all  students.  If  tech- 
nical expressions  are  essential  to  a  thorough  understanding  of 
the  subject,  they  are  clearly  explained  when  first  introduced. 

The  great  majority  of  our  students  wish  to  prepare  them- 
selves for  advancement  in  their  vocations  or  to  qualify  for 
other  and  more  congenial  occupations.  Their  time  for  study 
is  usually  after  the  day's  work  is  done  and  is  limited  to  a  few 
hours  each  day.  Therefore,  every  effort  is  made  to  give  them 
practical  and  accurate  information  in  clear,  concise  form,  and 
to  make  this  information  include  all  of  the  essentials  but  none 
of  the  non-essentials.  To  effect  this  result  derivations  of  rules 
and  formulas  are  usually  omitted,  but  thorough  and  complete 
instructions  are  given  regarding  how,  when,  and  ^o,.  what 
conditions  any  particular  rule,  formula,  or  procesf.  s     jid  be 
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applied.  Whenever  possible  one  or  more  examples,  such  as 
would  be  likely  to  arise  in  actual  practice,  together  with  their 
solutions,  are  given  for  illustration. 

As  the  best  way  to  make  a  statement,  explanation,  or  descrip- 
tion clear  is  to  give  a  picture  or  a  diagram  in  connectitm  with 
it,  illustrations  are  very  freely  used.  These  illustrations  are 
especially  made  by  our  own  Illustrating  Department  in  order 
to  adapt  them  fully  to  the  requirements  of  the  text.  Projec- 
tion drawings,  sectional  drawings,  outline  drawings,  perspec- 
tive drawings,  partly  shaded  or  full  shaded,  are  employed, 
according  to  which  will  best  produce  the  desired  result.  Half- 
tone engravings  are  used  only  in  those  cases  where  the  general 
effect  is  desired  rather  than  the  actual  details. 

In  the  table  of  contents  that  immediately  follows  are  given 
the  titles  of  the  Sections  included  in  this  volume,  and  under 
each  title  is  listed  the  main  topics  discussed.  At  the  end  of 
the  vfJume  will  be  found  a  complete  index,  so  that  quick 
reference  can  be  made  to  any  subject  treated. 

International  Textbook  Cohpamt 
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DRILLING 

(PART  1) 
DRILLING  OPERATIONS  AND  TOOLS 
PARTS  AND  USES  OF  DRILLINO  MACHINE 

CONSTBUCTION    OP    DROXINO    HACHINB 

1.  The  term  drilling,  as  used  in  the  machine  shop,  denotes 
the  operation  of  sinking  circular  holes  in  solid  bodies  with  a 
rotating  tool  called  a  drill.  The  drill  is  held  and  turned  by  a 
drilling  machine,  which,  when  of  the  upright  type,  is  called  a 
drill  press,  or  driller.  There  are,  however,  a  lai^e  number  of 
other  types  of  drilling  machines,  which  have  special  names 
depending  on  their  forms  or  on  the  operations  for  which  they 
are  to  be  used. 

2.  £i9senttal  Parts  of  Drilling:  Hachlne. — The  modem 
drilling  machine  consists  of  a  bed,  or  frame,  carrying  a  rotating 
spindle  at  the  lower  end  of  which  is  a  socket  for  the  ^1  or  the 
tool  holder,  a  table  on  which  the  work  is  supported,  and  a  feed- 
motion  by  which  the  tool  is  fed  into  the  work.  A  type  of  drilling 
machine  that  is  largely  used  for  light  and  medium  work  is  shown 
in  Fig.  1 ,  and  one  or  more  machines  of  this  general  type  may  be 
found  in  nearly  every  machine  shop.  There  are  simpler  forms 
of  drilling  machines,  but  that  shown  in  the  illustration  has  all  of 
the  main  parts. 
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3.  I>rlvlng  dear. — ^The  spindle  a,  Fig.  1,  is  driven  by 
means  of  a  pair  of  bevel  gears  b  and  a  belt  running  on  a  pair 
of  cone  pulleys  c.  The  four  steps  on  the  cones  fumi^  four 
different  speeds,  any  one  of  which  may  be  obtained  by  simply 


throwing  the  belt  to  the  desired  step.  A  belt  runnii^  from  the 
driving  pulleys  d  and  e  to  a  countershaft  transmits  the  pofrer  to 
the  drill.  One  of  these  driving  pulleys  is  keyed  rigidly  to  the 
shaft  and  the  other  runs  loose  on  the  shaft.  \Vhen  the  belt  is 
on  the  loose  pulley,  the  drill  stands  still.     To  start  the  drill,  the 


^dbyGoOgle 


§  13  DRILLING  3 

belt  is  shifted  from  the  loose  pulley  to  the  tight  pulley,  and  thus 
transmits  the  power  to  the  lower  cone  pulley  c  and  to  the  drill. 

4.  Feed-Hotion. — The  spindle  of  the  machine  shown  in 
Fig.  1  may  be  fed  downwards  by  turning  the  hand  wheel  /, 
which  is  keyed  to  one  end  of  a  shaft  that  has  its  bearing  in  the 
box  g.  At  the  other  end  of  this  shaft  is  a  worm  k  that  meshes 
with  a  worm-wheel  i  fixed  on  the  lever  shaft  /.  Heavy  pressure 
can  be  exerted  at  the  end  of  the  drill  by  turning  the  hand  wheel; 
consequently,  the  feeding  is  done  ■ 

by  use  of  the  hand  wheel  when 
the  machine  is  doing  heavy  work. 
If  lighter  work  is  to  be  done,  the 
lever  feed  is  used,  in  which  case 
the  hand-wheel  feed  must  be  put 
out  of  action  by  moving  the  short 
lever  k.  The  feed-shaft  /  may 
then  be  moved  by  the  lever  I, 
which  has  a  spring  latch  that 
can  be  lifted  and  dropped  into 
the  notches  in  the  wheel  m  fixed 
to  the  feed-shaft.  The  spring 
latch  is  moved  by  means  of  a 
handle  at  the  upper  end  of  the 
lever  I. 

5.  The  means  by  which  the 
worm  A,  Fig.  1,  is  thrown  out  of 
mesh  with  the  worm-gear  i   is 

...  ■  "^'C'^ 

simple.  In  the  box  g  is  an  eccen- 
tric bushing  in  which  the  shaft  of  the  worm  and  the  hand  wheel 
is  carried.  The  eccentric  bushing  may  be  rotated  by  moving 
the  lever  k,  and  the  worm-shaft  is  thus  moved  upwards,  carrying 
the  worm  out  of  mesh  with  the  worm-gear.  This  action  may  be 
made  clearer  by  reference  to  the  section  in  Fig.  2,  in  which  a 
represents  the  shaft  of  the  hand  wheel  and  the  worm,  passing 
through  the  eccentric  bushing  b  carried  by  the  box  c,  and  d  is  the 
worm-gear.  When  the  eccentric  bushing  is  in  the  position 
shown,  the  worm  is  in  that  indicated  by  the  dotted  circles,  and 
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is  engaged  with  the  worm-gear;  but  when  th?  bushing  is  turned 
half-way  around,  the  shaft  a  and  the  worm  are  brought  to  the 
positions  indicated  by  the  dot-and-dash  lines,  and  the  worm  is 
thrown  out  of  mesh  with  the  worm-gear. 

6.  Table  of  Drilling  Machine. — The  drillii^-machine 
table  n,  Fig.  1,  is  supported  on  the  arm  o  and  may  be  rotated 
about  its  center,  and  both  the  arm  and  the  table  may  be  swung 
on  the  column  p.  The  table  may  be  raised  or  lowered  by  a  gear 
that  engages  with  the  rack  q  and  that  is  turned  by  a  worm  and 
a  worm-gear  operated  by  a  wrench  or  crank  applied  to  the 
square  r.  The  drill  foot  s  is  used  as  an  auxiliary  table  on 
which  work  that  is  too  large  for  the  table  »  may  be  placed. 


USES    OP    DBILUNa    HACUINB 

7.    The  drilling  machine  was  brought  into  use  for  the  piupose 
of  sinking  circuJar  holes  in  solid  bodies;  but  its  use  has  been 
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extended  so  that  it  is  now  employed  also  for  finishing  operations 
such  as  reaming,  countersinking,  counterboring,  center  drilling, 
tapping,  spot  facing,  and  many  turning  opera- 
tions formerly  done  on  the  lathe  and  the 
boring  mill. 

8.  The  varying  hardness  of  the  metal, 
blowholes  in  castings,  and  slight  imperfec- 
tions in  the  form  of  the  tool  tend  to  make  a 
drilled  hole  imperfect.  Sometimes  the  hole 
is  not  quite  straight,  or  it  may  not  be  quite 
round,  or  the  surface  may  be  rough,  so  that 
an  additional  operation  may  be  needed  to 
^"^'  *  bring  i  t  to  correct  shape  and  size.     The  opera- 

tion of  running  a  reamer  through  a  drilled  hole  to  straighten 
the  hole,  smooth  it,  or  bring  it  to  size,  is  called  reaming. 
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9.  Counterslnlilng  is  the  operation  of  enlarging  the  end 
of  a  hole  conically  as  shown  in  Fig.  3  (a),  so  as  to  take  the 
tapo^  head  of  a  screw  or  a  machine  part. 

10.  Coonterboilng  is  the  operation  of  enlarging  the  end 
of  a  hole,  as  shown  in  Fig.  3  (i>),  so  that  the  sides  of  the  enlai^ed 
part  are  carried  straight  down  and  a  flat 
shoulder  is  formed  at  the  bottom. 

11.  Spot  facing  is  the  operation  of 
finishii^  a  friece  of  work  for  only  a  short  dis- 
tance around  the  end  of  a  drilled  hole,  to 
form  a  smooth  bearing  surface  for  the  head 
or  the  nut  of  a  bolt,  or  for  the  hub  of  an 
adjoining  part.  An  example  of  spot  facing  is 
shown  in  Fig.  4,  in  which,  to  form  flat  bearing  . 
surfaces  for  the  heads  a  of  the  bolts,  the  spots  b 
arc  faced  on  the  cylinder  head. 

12.  Facing  is  the  operation  of  finishing 
the  ends  of  a  hub,  or  of  a  similar  part,  by  a  ^'°- ' 

flat  revolving  cutter  held  in  a  bar.  For  example,  the  rocker-arm 
in  Fig.  5  has  its  end  surfaces  a  faced  to  form  bearing  surfaces 
for  the  collar  b  and  the  washer  c. 

13.  Center  drilling  is  the  operation  erf  forming  a  center 
hole  in  a  piece  of  work  for  a  lathe,  by  the  xise  of  a  drill  and  a 


14.    lapping  is  the  operation  of  cutting  an  internal  screw 
thread  in  a  piece  of  metal  by  the  use  of  a  tap.     One  foim  of  tap. 


or  tool  used  for  this  operation,  is  shown  in  Fig.  6.  It  consists 
of  a  taperii^  screw  of  hardened  steel  that  is  grooved,  or  fluted, 
to  give  a  series  of  cutting  teeth  that  form  the  thread  when  the 
tap  is  turned  in  the  hole. 
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DRILLING  TOOLS 


CLASSIFICATION    AND    MAIN    FEATURES 

1 5.    The  drill  is  one  of  the  most  extensively  used  tools  found 

in  the  machine  shop  and  is  made  in  a  number  of  different  forms. 

These  various  forms  may  be  divided  into  two 

main  classes,  namely,  fiat  drills  and  twist  drills. 

16.  Main  Features  of  Drills. — Every 
drill,  no  matter  of  what  kind,  must  have  three 
main  features.  First,  there  must  be  one  or 
more  cutting  edges  that  remove  the  materia! 
either  by  scraping  or  by  cutting.  Second,  there 
must  be  a  central  leading  point  about  which  the 
cutting  edges  revolve  and  which  guides  the  drill 
through  the  material.  This  is  obtained  by 
tapering  the  cutting  edges  toward  the  center,  as 
shown  in  Fig.  7.  The  angle  o  of  this  taper 
varies  for  different 
^''■'  plasses  of  work,  but 

for  ordinary  drilling  it  is  made  be- 
tween 50°  and  60°.     The  Morse  Tivist  Urr'ft' 
Drill    Company   recommends  59°, 
while  Wra.  Sellers  &  Co.  recommend 
52".     Third,  there  must  be  a  clear-                  ^"-  ^ 
anee  back  of  the  cutting  edge.     Fig.  8  represents  the  point  of  a 
flat  drill,  in  which  b  is  the  clearance  angle,  sometimes  called  the 
angle  oj  relief.    This  angle  should  be  large  enough  so  that  the 
stock  back  of  the  cutting  edge  will  not  bear  against  the  work. 

FLAT  DRILLS 

17.  Form  of  Drill  Point. — The  silnplest  and  most 
cheajjly  made  machinc-sho]j  drill  is  the  ordinary  flat  drill 
shown  in  Fig.  ft.  When  rightly  formed,  this  type  of  drill  does 
very  good  work.     It  is,  however,  a  hand-made  tool  and  is  often 
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so  poorly  formed  and  so  imperfectly  ground  that  its  work  is  not 
satisfactory.     If  a  drill  is  to  cut  equally  on  both  sides  and  fonn 
a  smooth,  round  hole,  having  the  same  diameter  as  the  drill, 
five  conditions  are  necessary:    the  point  must  be  in  the  center, 
the  cutting  edges  must  make  equal  angles 
with  the  center  line,  and  must  be  of  the 
same  length    and  have    equal   clearance 
angles,  and  the  sides  should  be  parallel. 

18>  Results  of  Improperly  Formed 
Drills. — It  is  not  sufficient  to  have  the 
point  in  the  center  of  the  drill,  because 
different  angles  of  the  cutting  edges  will 
cause  the  drill  to  cut  on  one  side  only,  as 
shown  in  Fig.  10  (a),  thus  throwing  twice 
the  intended  depth  of  cut  on  the  cme  cut- 
ting edge.  It  also  causes  a  crowding 
against  one  side,  and  a  tendency  to  throw 
the  center  of  the  drill  out  of  its  correct 
position.  The  angles  that  the  cutting 
edges  make  with  the  center  line  may  be 
equal,  but  if  the  lengths  of  the  cutting 
edges  are  not  equal,  the  hole  will  be  larger 
than  the  drill,  as  shown  in  (b).  The  outer 
end  of  the  long  side  of  the  cutting  edge  will  ^'°'  * 

then  do  double  duty,  which  will  soon  dull  it,  cause  crowding, 
and  make  a  rough  hole. 

19.  When  both  the  an^es  with  the  center  line  and  the 
lengths  of  the  cutting  edges  are  unequal,  the  hole  will  be  larger 
than  the  drill,  and  the  effect  will  be  as  shown  in  Fig.  10  (c) ;  that 
is,  all  the  work  will  be  done  by  the  short  side  and  the  outer 
end  erf  the  long  side.  Unequal  clearance  angles  will  cause 
one-  side  to  cut  more  freely  than  the  other,  thus  distributing 
the  work  unequally.  Under  a  given  pressure,  the  side  with 
the  greater  clearance  angle  tends  to  take  a  deeper  cut  than 
the  other,  while  there  is  less  metal  to  support  its  cutting  edge. 
This  edge  wears  away  more  rapidly  than  the  other,  resulting 
in  unsatisfactory  working  conditions. 
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20.  Advantsges  of  Thin  Drill  Point.— In  the  fiat-drill 
point  shown  in  Fig.  11,  the  cutting  edges  a  b  and  e  d  are  of  equal 
lengths,  the  clearance  at^les  are  equal,  and  the  edge  bd  aX  the 
point  of  the  drill  is  at  right  angles  to  the  center  line  of  the  drill. 


When  the  drill  turns,  the  odge  bd  acts  as  a  scraping  edge 
instead  of  a  cutting  edge,  and  the  pressure  required  to  force  it 
through  the  metal  at  the  rate  at  wliich  the  drill  should  cut  is 
very  great  compared  with  the  pressure  required  on  the  cutting 
edges.  The  scraping  edge  wears  rapidly,  and  as  it  grows  dull 
the  pressure  required  to  feed  the  drill 
becomes  greater.  To  reduce  this  pres- 
sure, the  scraping  edge  should  be 
shortened.  Shortening  is  done  by 
making  the  drill  thin  at  the  point; 
however,  it  must  not  be  too  thin,  or 
ij^       L  j^  thecuttingedgeswillnotbesupported 

^m  ^^^^^  .:i^^^^^^^  sufficiently  and  will  break,  and  the 
ffii  "^  <5rill    will   need   to  be   reground  fre- 

quently. 

'''°  "  31.     Grooved    Drill    Point. 

Sometimes  grooves  are  formed  in  the  end  of  the  drill,  as  shown 
in  Fig.  12,  thus  providing  curved  cutting  edges,  that,  when 
properly  shaped,  remove  most  of  the  scraping  edge.  This 
practice,  however,  tends  to  weaken  the  inner  ends  of  the  cutting 
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edges  by  removing  the  supporting  metal,  and  it  is  generally 
thot^ht  to  be  better  simply  to  make  the  end  of  the  drill  as  thin 
as  practicable. 

22.    i^ralle)  Sides  for  Drills.— Flat 

drills,  to  give  the  best  results,  should  have 
the  ades  ab,  Fig.  13  (a),  parallel  for  a  dis- 
tance of  i  inch  or  more  above  the  cutting 
edges.  This  parallel  part  should  be  rounded 
to  fit  the  arcumference  of  the  hole.  Drills 
are  often  used  with  the  comers  projecting 
beyond  the  body,  as  shown  in  (b) ,  and  with 
the  sides  beveled,  as  shown  in  (c).  Drills 
formed  in  this  way  make  ragged  holes,  and  when  there  are  soft 
or  hard  spots  or  blowholes  in  the  material  drilled,  they  run 
off  to  one  side,  making  holes  that  are  not  straight,  round,  nor 
smooth.  The  simple  precaution  of  making  the  ^ides  parallel 
for  a  short  distance  and  rounding  the  edges  to  fit  the  hole,  as 
shown  in  (d),  will,  when  the 
point  is  rightly  formed,  ob- 
viate this  difficulty  almost 
entirely, 

23,  Drill  Shank.— The 
part  of  the  drill  between  the 
cutting  part  and  the  upper 
end  is  called  the  shank.  It 
should  be  somewhat  smaller 
than  the  hole,  in  order  to 
work  freely  in  it.  In  the 
case  of  comparatively  shallow 
7  holes,  the  flat  part  should  ex- 
tend to  a  point  high  enough 
so  that  the  cuttings  or  chijjs 
can  work  out.  The  shank 
should  be  round,  as  the  cor- 
ners of  any  angular  section  draw  the  chips  under  them  and 
clog  the  drill.  Even  with  a  round  shank  and  a  perfectly 
formed  drill,  there  will  be  more  or  less  clogging  in  a  deep 
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hole,  and  it  is  often  necessary  to  back  out  the  drill  and  remove 
the  cuttings. 

24.    Lipped  Drill. — The  ordinary  flat  drill  has  the  front 
face,  or  the  face  above  the  cutting  edge,  either  at  right  angles  to 
the  direction  of  motion,  as  in  Fig.  14  (o),  or  else  slanted  for- 
wards a  little,  as  in  (b).    If  the 
face  is  slanted  backwards  just 
above  the  cutting  edge,  the  drill 
will  cut  more  easily.    The  tool  is 
then  said  to  have  front  rake.    One 
way  of  doing  this  is  to  grind  a 
^"^- "  groove  just  above  the  cutting 

edge,  as  shown  in  Pig.  15  (a).  A  section  along  the  line  cdis 
shown  in  (fc).  Another  way  is  to  form  the  tool  with  a  lip  at  the 
cutting  edge,  as  in  (c).  A  section  oi  this  drill  on  the  line  ej  is 
shown  in  (d).  In  each  of  the  drills  shown  in  (a)  and  (c),  care 
must  be  taken  to  leave  enough  metal  back  of  the  cutting  edge 
to  vnthstand  the  cutting  strain. 

-25.  Twisted  Plat  Drills. — One  disadvantage  of  lipped 
drills  is  that  grinding  reduces  the  lip,  and  necessitates  Se- 


quent reforging,  or  dressing.  This  objection  may  be  overcome 
by  twisting  the  end  of  the  drill  into  a  spiral,  as  shown  in 
Fig.  15  {e).  In  this  way,  the  same  angles  of  the  cutting  ec^es 
may  be  obtained,  but  the  shape  is  not  altered  by  grinding, 
until  the  entire  sjiiral  is  ground  away.  Tht  spiral  also  assists 
in  canning  the  cuttings  away  from  the  drill  point. 
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TWIST  DBILLS 
26.  Ordinary  Twist  Drill. — The  twist  drill  is  in  universal 
use  because  it  removes  its  cuttings,  requires  no  reforging,  and 
can  be  resharpened  repeatedly  by  a  simple 
grinding  operation.  Fig.  16  (a)  illustrates  an 
ordinary  commercial  drill  of  this  type.  It  is 
generally  made  &om  round  stock,  the  spiral 
fiutes  being  cut  with  a  milling  cutter,  or  else 
foimed  by  rolling  or  forging.  The  surface  be- 
tween the  flutes  is  backed  off  slightly  from 
near  the  cutting  edges  a.  Fig.  17  (a),  to  the 
backs  b  of  the  flutes,  leaving  only  narrow  strips 
a  c  the  full  diameter  of  the  drill.  This  is  done 
to  reduce  the  bearing  surface  on  the  side  of  the 
hole,  but  enough  surface  is  left  to  form  a  per- 
fect guide,  owing  to  the  fact  that  the  bearing 
a  c  runs  in  a  spiral  around  the  drill.  In  some 
drills  a  narrow  bearing  strip  is  left,  as  shown 
in  Fig.  16  (6),  the  clearance  being  cut  away, 
concentric  with  the  bearing  surface,  as  illus- 
trated in  Fig.  17  {&). 

Twist  drills  are  also  made  with  three  or  four       ""  **' 

grooves  or  Hps;  and  are  sometimes  called  ream-  '""  ^* 

ers.  They  are  similar  to  the  ordinary  twist  drill  in  most  of 
their  details.  The  cutting  end,  however,  is  left  square  and  is 
beveled  for  one-quarter  or  one-third  of  the  diameter  of  the 
drill  to  form  cutting  edges.  These  drills  will  not  cut  from  the 
solid,  but  are  used  ior  reaming 
cored  holes  or  for  reaming  holes 
made  by  a  flat  or  twist  drill. 
They  are  used  for  jigwork  in  the 
drilling  machine,  and  largely  for 
turret-lathe  work. 

27.  Twisted  Drill.— The 
twisted  drill,  shown  in  Pig.  18,  is  a  form  that  resembles  the 
twist  drill.     It  is  made  from  flat  stock  or  from  stock  that  is 
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rolled  thinner  at  the  middle  than  at  the  edges,  and  that  is  then 
twisted  to  the  required  form  and  ground.  The  shank  is 
usually  flat,  but  it  may  be  made  round,  like  that  of  a  twist 
drill.  The  advantages  claimed  for  the  twisted  drill  are 
that  it  requires  little  stock  in  manufacture,  has  a  large 
I  space  for  chips,  and  may  be  hardened  and  tempered  more 
easily  than  the  twist  drill.  It  is  made  from  rolled  stock, 
and  the  compressing  of  the  material  during  the  rolling 
process  increases  its  strength,  so  that  the  drill  is  less 
likely  to  split  up  the  center. 


STBAIOHT-FLCTGD,     BLOT,    AND    TEAT    DBIUiS 

28.     straight-Fluted    Drill.— The   straight-fluted 

'  drill,  shown  in  Fig.  19,  is  best  siiitcd  for  drilling  thin 

Pic  IB  plates  and  brass.    There  is  a  tendency  for  a 

tmst  drill  to  plunge  forwards  as  it  comes  through  the 

piece  being  drilled.     By  making  the  flutes  of  the  drill 

■  straight  instead  of  spiral,  this  tendency  is  overcome. 

29.  Forma  of  Slot  Drills. — In  drilling  machines 
in  which  slides  that  feed  perpendicular  to  the  center 
line  of  the  spindle  are  provided,  slot,  or  keyway,  drills 
are  often  used.  These  are  made  in  a  number  of  differ- 
ent forms.  In  Fig.  20  (a),  (b),  {c),  and  (d)  are  shown 
four  different  kinds,  all  of  which  are  quite  satisfactory 
in  metal  of  uniform  hardness.  In  sinking  these  drills 
into  the  metal,  holes  are  formed  as  shown  in  (e),  (/), 
(g),  and  (ft).  The  central  cores  in  (e)  and  (/)  form 
guides  for  the  drill,  which,  in  metal  of  varying  hard- 
ness, have  been  found  of  great  advantage. 

30.  Use  of  Slot  Drills.— Slot  drills  are  used 
largely  in  forming  keyways,  or  slots,  in  shafts.  They 
are  sunk  into  the  metal  to  a  sufficient  depth  for  a 
longitudinal  cut  and  are  then  fed  lengthwise  along  the  ' 
shaft,  thus  cutting  out  the  metal  to  this  depth  throughout 
the  entire  length  of  the  slot.  The  drill  is  then  lowered  enough 
to    furnish    another   longitudinal   cut  and  the  operation  is 
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repeated   until   the  required   depth  is  obtained.    The 'drills 
shown  in  Fig.  20  (t)  and  (d)  may  be  used  in  squaring  the  bot- 
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toms  of  holes  made  by  an  ordinary  twist  drill  at  the  ends  of 
keyways  to  be  planed  or  chipped. 

31.  Teat  Drill. — The  teat  drill  is  made  like  an  ordinary 
flat  drill,  except  that  its  cutting  e^es  are  at  right  angles  to  the 
center  line  of  the  drill,  as  shown  in 
Fig.  21.  Instead  of  the  scraping 
e<^  found  in  the  flat  drill,  how- 
ever, there  is  a  teat  a  that  has 
cutting  edges  on  opposite  sides 
and  that  serves  to  guide  the  drill. 
The  teat  drill  is  largely  used  for 
flattening  the  bottoms  of  holes 
made  with  ordinary  drills,  but 
sometimes  it  is  used  to  drill  a 
hole  to  the  entire  depth.  It  is 
very  suitable  for  drilling  holes  in 

sheet  metal,  particularly  in  brass  and  copper.  The  teat  is  a 
four-sided  pyramid,  and  the  corners  nearest  the  cutting  edges 
of  the  drill  are  in  the  lead,  thus  providing  good  cutting  edges 
for  the  point,  and  giving  it  proper  clearance. 
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ANNVI.AB    CUTTEK8 

32.  Sing:le-Tool  and  Double-Tool  Cutters.— A  form 
of  annular  cutter  that  is  used  very  geriCTally  for  removing  large 
bodies  of  metal  and  cutting  large  holes  in  boiler  plates,  rod  ends, 
etc.,  is  shown  in  Fig.  22.  The 
tool  a  is  a  right-angled  cutting-ofT 
tool,  with  the  proper  side  clear- 
ance to  clear  the  circular  sides  of 

^z 1 ,_^  the  hole.     A  hole  c  is  first  drilled 

I 1 1  V   \  for  the  guide  pin  b,  after  which 

the  stock  around  the  hole  c  is  re- 
moved as  a  washer  with  a  hole 
*  in  the  center.     Sometimes  two 
tools  are  used,  one  on  each  side 
^"^  ^  of  the  center,  as  shown  in  Fig.  23. 

This  balances  the  side  thrust  on  the  center  pin  b  and  reduces  it 
to  a  minimum  besides  doubling  the  capacity  of  the  tool. 


33.  Hollow  and  Butt  Hills.— The  hollow  mill,  shown  in 
Fig  24  IS  a  tool  that  is  occasionally  used  in  a  drilling  machine  to 
form  a  turned  or  finished  projection  on  a  machine  part.  The 
center  is  hollowed  out 
to  the  diameter  of  the 
required  boss  or  pro- 
jection, and  the  depth 
of  this  hollow  center  is 
great  enough  to  .  give 
the  projwr  length  of  the 
projection.  Four  cut- 
ting edges  are  formed 
at  the  bottom  of  the 
tool. 

The  butt  mill  differs 
from   the    hollow   mill  ^"'■^ 

in  that  it  is  made  solid  instead  of  hollow,  has  more  teeth, 
and  has  the  latter  cut  to  only  about  half  the  depth  of  the 
teeth  on  the  hollow  mill.     It  is  used  to  flatten  the  conical 
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bottoms  ol  holes  and  to  remove  the  metal  between  adjoining 
holes  drilled  in  a  row.     When  used  for  the  latter  purpose,  it 


is  usually  held  and  driven  by  a  drill  chuck  and  guided  by  a 
drilling  jig.  , 

34.  Uubbln^  Tool . — A  very  useful  form  of  tool„known  a-s 
a  hubbing  tool,  is  sht?wn  in  Fig.  25.  A  hub  a  of  the  piece  b  is 
to  be  finished  as  shown  at  c.  The  tool  with  which  this  is 
done  consists  of  a  center  bar  d.  which  fits  the  bore  of  the 
hub,  and  a  tool  e  supported  on  the  arm  /.  As  the  tool  is 
rotated  about  the  center  of  the  pin,  it  cuts  a  perfect  circle. 


The  device  is  attached  to  the  spindle  ;  of  a  heavy  drilling 
machine,  the  work  being  fastened  on  the  table.  The  radius  at 
which  the  tool  cuts  is  regulated  by  the  adjusting  screw  g  and  a 
clamp  h  and  t . 
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DBILL    SHANKS 

35.  Straight  Shank. — On  ordinary  flat  drills,  the  forms 
of  shanks  shown  in  Fig.  26  (a)  and  (6)  are  quite  commonly  used. 
In  (a)  the  shank  is  straight  and  slightly  flattened  at  a  to  furnish 
a  good  bearing  for  the  setscrew.  The  end  of  the  screw  often  cuts 
a  burr  at  the  bearing  point,  which  prevents  the  easy  removal  of 
the  drill,  and  to  avoid  this  the  shank  may  be  turned  down 
slightly  at  the  bearing  point  of  the  screw,  as  shown  at  a  in 


®    © 


view  (6).  The  shoulder  also  prevents  the  tool  from  dropping 
out  of  the  socket  when  the  screw  becomes  slightly  loose. 

36.    Taper  Shank.— The  taper  shank,  shown  in  Fig.  26  (c) 

and  (d).  is  used  because  it  centers  the  drill,  gives  consider- 
able friction  in  the  socket  to  help  to  drive  the  drill,  and  is  easily 
removed  from  the  socket.  The  taper  is  made  slight  enough  to 
cause  the  socket  to  grip  the  shank  and  prevent  the  drill  from 
dropping  out  of  its  own  weight.  The  flattened  end,  called  the 
tang,  heli>s  to  turn  the  drill,  as  it  fits  a  corresponding  hole  in  the 
socket.  Several  different  tapers  are  used  by  different  makers  of 
drills,  the  most  common  being  the  Morse  taper,  which  is  about 
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I  inch  per  foot.  Table  I  shows  the  dimensions  of  Morse  taper 
shanks  and  sockets.  Sometimes  a  key  is  inserted  in  the  socket 
to  prevent  the  drill  from  turning,  and  a  keyway  must  then  be 
cut  in  the  drill,  as  shown  at  a,  view  (d). 

37.  Short  ShaiLks  and  Sockets. — The  standard  sizes  of 
drill  shanks  and  tangs  were  adopted  years  ago  and  were  con- 
sidered strong  enough  for  the  requirements  of  that  time;  but 
the  tangs  have  often  broken  off,  as  shown  at  a.  Fig.  27  (a),  when 
the  drills  were  used  in  modem  drilling  machines,  due  to  the 
greater  strain  resulting  from  the  higher  speeds  and  the  harder  or 
tougher  materials.  A  drill  with  a  broken  tang  may  be  held  and 
driven  by  a  setscrew  that  passes  through  the  socket  and  bears 


on  a  flat  formed  on  the  taper  shank.  Another  method  is  to 
turn  down  the  broken  end  and  to  cut  a  new  tang  of  standard 
size  on  it;  or,  the  taper  shank  may  be  left  just  as  it  is,  and  a 
new  tang  may  be  cut  on  it.  In  the  latter  case,  however,  the 
shank  will  be  short  and  will  require  a  shorter  drill  socket. 
Gauges  for  short  tangs  are  made  for  the  different  sizes  of  taper 
shanks.  One  of  these  is  shown  at  6  in  view  (b),  in  position  on 
the  shank  of  a  broken  drill.  The  form  of  the  new  tang  is  marked 
off  by  scribing  along  the  gauge,  and  the  metal  is  then  cut  away. 
The  new  tang  thus  made  is  considerably  stronger  than  the  old  . 
one.  Drills  are  sometimes  made  with  two  tangs  on  the  shank, 
the  larger  one  corresponding  to  the  short  form  just  described 
and  the  smaller  one  being  of  standard  size.  If  the  smaller  tang 
breaks,  the  drill  is  then  used  in  a  short  socket. 
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38.  Special  Forms  of  Drill  Shanka. — The  taper  shanks 
of  twist  drills  are  conunonly  made  smaller  in  diameter  than  the 
drills,  but  special  drills  are  made  as  shown  in  Fig.  28  (a),  wiUi 
t^jer  shanks  one  or  two  sizes  larger,  to  prevent  breakage. 
Drills  having  square  tapered  shanks,  as  shown  in  (t>),  are  used 
in  ratchets;  also,  the  square  shank  is  often  formed  on  flat  drills 
forged  in  the  smith  shop,  as  it  is  cheap  and  easily  made  of  any 


required  size.  Drills  with  straight  shanks  are  apt  to  slip  in  the 
chuck,  thus  wearing  both  the  chuck  jaws  and  the  drill  shanks. 
To  prevent  this,  two  V-shaped  grooves  are  cut  in  the  opposite 
sides  of  the  shank,  as  shown  in  (c),  and  use  is  made  of  a  special 
chuck  having  two  jaws  that  enter  the  grooves.  The  fiat  shank 
shown  in  (d)  is  also  intended  to  prevent  slipping.  It  is  of 
standard  taper  and  is  used  in  a  special  socket.  Special  forms 
of  drill  shanks  and  methods  of  driving  are  required  largely 
where  high-speed  drills  are  used,  as  more  power  is  required  to 
drive  such  drills  at  the  speed  at  which  they  do  the  best  work. 
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LUBRICATION    OF    DBILLH 

39.  Appltcatton  of  Lubrloiuits. — In  drilling  wTDught 
iron  and  steel,  the  drill  point  must  be  lubricated.  The  lubricant 
is  usually  applied  by  dropping  it  into  the  hole  and  permitting 
it  to  run  down  along  the  sides  of  the  hole  and  the  drill.     This 

method  has  been  found  rather  unsatisfactory,  as  the  cuttings, 
in  working  their  way  to  the  surface,  tend  to  carry  the  lubricant 
up,  and  in  some  cases  very  little,  if  any, 
reaches  the  drill  point  where  it  is  most  needed. 

40.  In  Fig.  29  (a)  is  shown  a  very  simple 
method  by  means  of  which  better  lubricatii^ 
conditions  are  obtained.  Two  spiral  grooves  a 
are  cut  parallel  with  the  flutes  b,  thus  forming 
separate  channels  for  the  lubricant.  There 
is  some  danger  that  these  grooves  may  be- 
come clogged  by  fine  particles  that  work 
around  the  drill,  and  small  brass  tubes  are 
brazed  into  the  grooves,  as  shown,  in  order  to 
insure  an  unobstructed  flow  to  the  drill  point. 
Another  way  is  to  make  the  drill  with  holes 
running  through  the  solid  metal,  as  shown 
in  (fc).  These  drills  are  made  from  straight- 
fluted  stock  in  which  the  oil  holes  are  drilled 
before  the  drills  are  heated  and  twisted. 

J|^  41.  Provision  for  Supplying  Ltibrl- 
cants. — The  lubricants  may  be  carried  to 
the  holes  in  the  drill  through  the  socket  or 
through  a  small  attachment  at  the  lower  end 

of  the  socket.  Fig.  30  illustrates  an  attachment  that  is  fre- 
quently used.  A  collar  a  is  fitted  to  the  lower  end  of  the 
drill  socket,  as  shown,  and  is  kept  from  turning  with  the 
spindle  by  a  pipe  that  rests  against  the  column  of  the  machine 
and  through  which  the  oil  is  conveyed  to  the  collar.  Inside 
the  collar,  and  immediately  over  a  pair  of  holes  in  the  socket 
that  correspond  to  the  upper  holes  in  the  drill,  a  circular 
groove  b  is  turned,  thus  forming  a  connection  between  the 
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outer  pipe  c  and  the  drill.    The  oil  is  supplied  by  an  oil 
pump,  under  sufficient  pressure  to  insure  a  steady  flow  to 


the  drill  point,  and  is  carried  to  the  attachment  by  a  flexible 
tube. 


42.  Machine  Reamers. — The  usual  type  of  machine 
reamer  consists  of  a  piece  of  round  steel  having  a  shank  formed 
at  one  end  and  a  series  of  lengthwise  flutes  cut  at  the  other  end. 
If  the  fluted  part  is  of  the  same  size  throughout,  the  reamer  is  a 
straight  reamer.  Two  forms  of  straight  reamers  are  shown  in 
Fig.  31.  That  shown  in  (a)  is  known  as  a  chucking,  reamer.  A 
very  slight  bevel  is  formed  on  the  points  of  the  teeth,  as  shown 
at  a,  and  the  cutting  edges  thus  produced  remove  the  stock  to  a 
depth  of  A  inch  or  less.  The  remainder  of  the  fluted  part, 
which  is  of  uniform  size,  smooths  the  hole.     The  rose  chucking 
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reamer,  shown  in  (fc),  has  only  about  half  as  many  flutes  as  the 
ordinary  chucking  reamer  and  is  beveled  considerably  more  at 


^dbyGoOgle 


22  DRILLING  §  13 

the  ends  of  the  teeth,  as  shown  at  a.  The  teeth  arc  heavier,  and 
remove  considerably  more  metal  than  those  of  the  chucking 
reamer.  A  reamer  for  bridge  and  boiler  work  is  shown  in  (c). 
The  tapered  part  from  a  to  it  removes  the  metal  and  the  straight 


part  from  b  to  c  smooths  the  hole.  Machine  reamers  are  often 
made  .003  inch  under  size,  to  allow  for  hand  reaming;  and  if 
they  are  made  to  size,  they  wear  under  size  by  use. 

43.  Hand  Iteamers. — ^A  type  of  hand  reamer  is  shown  in 
Fig.  32.  The  fluted  part  is  about  twice  the  length  of  the  fluted 
part  of  a  machine  reamer  of  the  same  size.  Near  the  middle, 
the  hand  reamer  is  necked  down,  as  shown  at  a,  and  the  shank  6 
is  ground  accurately  to  the  size  of  the  reamer.  The  upper 
end  c  is  squared  to  take  a  wrench,  by  which  the  reamer  is  turned. 
For  a  short  distance  from  the  bottom  end,  the  fluted  part  is 
tapered  about  .005  inch  so  as  to  enter  the  hole  easily.  Some 
makes  of  hand  reamers  have  a  shallow  screw  thread  cut  for  a 
short  distance  from  the  lower  end,  so  that  they  will  feed  more 
easily.  Hand  reamers  are  used  for  finishing  holes  reamed  by 
machine  reamers.  They  remove  from  .003  to  .005  inch  of 
metal,  and  leave  a  smooth,  true  hole. 

44.  Shell  Reamers. — An  ordinary  shell  reamer  of  the 
form  commonly  used  in  the  shop  is  shown  in  Fig.  33.     A  hole  a 

having  a  taper  of  about  A  inch 
to  the  foot  extends  through  it, 
[  and  across  the  top  are  cut  two 
grooves,  one  of  which  is  shown 
at  b.  The  grooves  fit  over  iugs  on 
^"^  ^  the  shank  by  which  the  reamer  is 

held,  and  thus  enable  the  shank  to  drive  the  reamer  without  any 
slip.  Shell  reamers  are  cheaper  than  solid  reamers  and  occupy 
less  storage  space  in  the  tool  room ;  also,  when  they  wear  out,  only 
the  shell  needs  to  be  replaced,  as  the  sliank  is  a  sejarate  piece. 
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45.  Cutting  Faces  of  Reamers. — The  sections  of  several 
kinds  of  reamers  Shomi  in  Fig.  34  serve  to  illustrate  the  forms  of 
the  cutting  faces.  Ordinarily,  the  front  faces  of  the  teeth  lie  on 
the  center  line  throi^h  the  section,  as  in  (a).  They  should  never 
be  undercut,  as  in  (b) ,  or  the  reamer  will  chatter ;  chattering  will 
cause  the  teeth  to  gouge  into  the  metal,  and  the  result  will  be 
a  damped  or  enlarged  hole,  or  possibly  a  broken  reamer.  If 
the  reamer  is  made  as  shown  in  (c),  with  curved  faces  a  and  b, 
there  will  be  no  chattering,  as  the  edges  will  take  a  scraping  cut. 
The  form  shown  in  (d)  is  a  special  form  used  for  brass.  The 
cutting  faces  are  set  forward  from  the  center  line  but  parallel 
to  it,  the  distance  between  the  two  being  increased  as  the  size 
(A  the  reamer  increases. 

46.  Number  of  Cutting  Edges. — A  reamer  should 
always  have  enough  cutting  edges  to  guide  itself  in  a  straight 


line  through  the  hole.  There  should  never  be  less  than  four, 
and  where  the  diameter  is  large  enough  to  make  it  practicable 
there  should  be  more.  The  number  of  edges  should  be  even 
and  not  odd  to  make  it  possible  to  caliper  the  reamer,  tuUess  a 
ring  gauge  is  used,  in  which  case  the  number  of  edges  does  not 
matter. 

47.  Allowance  for  Reaming. — In  all  classes  of  ream- 
ing, the  holes  should  be  drilled  as  nearly  to  the  finished  size  as 
possible,  so  that  the  reamer  need  take  only  a  light  finishing 
cut.  This  preserves  the  edges,  avoids  frequent  grinding,  and 
lengthens  the  life  of  the  reamer.  An  allowance  of  ^  inch  of 
stock  is  usually  sufficient  for  reaming  in  holes  having  a  diameter 
of  1  inch  or  less,  while  in  holes  having  diameters  between  1  and 
2  inches,  A  inch  or  less  is  enough.  The  general  rule  to  be  fol- 
lowed is  to  ream  all  holes  to  standard  sizes  and  to  make  all  fits 
by  varying  the  sizes  of  the  inner  pieces.     Twist  drills  for  drilling 
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holes  that  are  to  be  reamed  usually  vary  by  ^  inch  in  sizes  up 
to  1  inch  in  diameter.  Above  1  inch,  they  usually  vary  by 
A  inch,  and  sometimes  by  ^  inch.     If  an  allowance  of  A  or 


iV  inch  is  considered  too  much  to  be  removed  by  reaming,  the 
drill  may  be  ground  so  as  to  cut  a  hole  slightly  over  its  size. 

48.  Solid  Taper  Reamers. — Tapered  holes  for  dowel  pins 
and  various  other  purposes  have  brought  taper  reamers  into 

very  general  use.     They  are  fluted  and 
tapered,   as  shown  in  Fig.  35,   which 

I  illustrates  a  solid  taper  reamer.  The 
duty  of  3  taper  reamer  is  heavier  than 
that  of  a  straight  reamer,  as  it  must 
remove  more  metal.  The  drilled  hole 
is  straight  and  must  be  a  little  smaller 
than  the  small  end  of  the  reamed  hole. 
P.O.  36  ^jjg  ajnount  of  metal  that  must  be 

removed  is  represented  by  the  part  acb.  Fig.  36,  and  depends 
on  the  taper  required. 

49.  Roughing  Reamers. — If  the  taper  is  great,  a  roughing 
reamer.  Fig.  37,  is  first  used  to  remove  the  excess  of  metal. 
This  is  followed  by  a  finishing  reamer,  Fig.  35,  which  should  take 
only  a  very  light  finishing  cut.  In  some  shops,  it  is  customary 
to  relieve  the  reamer  in  heavy  work  by  coimtcrboring  steps,  as 
shown  in  Fig.  38,  with  drills  of  increasing  sizes.     This  method. 


however,  takes  much  time,  and  it  is  better  to  use  a  stepped 
reamer,  with  which  the  metal  can  be  removed  more  easily  and 
rapidly  than  with  drills. 
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50.  Stepped  Reamers. — A  form  of  stepped  reamer  is 
shown  in  Fig.  39.  The  small  end  a  is  made  the  size  of  the  drilled 
hole,  and  the  et^es  6,  c,  d,  and  e  of  the  lower  ends  of  the  steps 
form  the  cutting  et^es.  The  diameters  are  made  from  .002  to 
.003  inch  less  at  the  top  d  each 

step  than  at  the  bottom,  to  pro- 
vide for  clearance  and  to  insure 
the  free  operation  of  the  tool. 
There  is  also  clearance  on  the 
bottom  as  shown  at  j  g.  This 
reamer  should  be  followed  by 
the  notched  roughing  reamer 
shown  in  Fig.  37,  to  remove  the 
steps  and  to  enlai^e  the  hole  so  "'  ^ 

that  it  can  be  completed  with  the  reamer  shown  in  Fig.  35. 
In  holes  of  very  slight  taper,  the  stepped  roughing  reamer  is  not 
generally  used,  but  even  here,  when  a  large  number  of  holes  are 
to  be  reamed,  it  may  be  used  to  advantage,  as  it  ijreserves  the 
cutting  edges  and  the  accuracy  of  the  notched  and  finishii^ 
reamers.  Stepped  ream- 
^^^^^^y^^  ^  I  ers  to  be  used  in  ordi- 
■  nary  drilling  machines 
are  made  with  taper 
shanks;  but  when  they 
are  to  be  employed  in  other  kinds  of  machines  they  are  made 
with  squared  shanks. 

51.  Reajners  With  Inserted  Blades. — The  form  of 
reamer  illustrated  in  Fig.  40  has  a  series  of  inserted  blades,  or 
cutters,  which  are  made  of  steel  and  are  dovetailed  into  a  solid 


body.  In  reamers  5  or  6  inches  in  diameter,  the  body  is  some;' 
times  made  of  cast  iron.  The  special  advantages  of  this 
form  are  its  cheapness  and  the  ease  with  which  a  damaged  blade 
may  be  renewed.     In  the  solid  reamer,  a  cracfecd'or  broken 
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cutting  edge,  or  any  slight  warping  may  throw  the  whole  reamer 
out  of  use;  but  in  the  inserted-blade  type,  the  damaged  cutter 
is  simply  driven  out  of  the  dovetail,  a  new  one  is  inserted,  and 
the  reamer  is  as  good  as  new.  This  is  especially  advantageous 
in  the  larger  sizes,  which  are  very  expensive.  Inserted  blades 
are,  however,  not  practicable  in  the  smaller  sizes,  as  there  is  not 
stock  enough  to  support  the  blades  properly.  Opinion  as  to  the 
smallest  size  in  which  they  can  safely  be  used  varies;  ordinarily, 
they  are  not  used  in  reamers  less  than  1 }  inches  in  diameter. 

52.  Adjustable  Reamera. — When  a  solid  reamer  is  used, 
the  diameter  is  generally  made  as  much  larger  than  the  desired 
diameter  as  the  limit  of  error  in  the  working  fit  will  allow,  and 
it  is  used  until  the  wear  has  reduced  the  diameter  to  the  inside 
limit  of  error,  after  which  it  must  be  worked  over  or  thrown  away. 
For  the  best  grades  of  machine  work,  where  the  allowable  varia- 
tion is  very  small,  the  life  of  a  solid  reamer  is  very  short;  hence, 
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to  provide  a  way  of  making  allowance  for  wear,  the  adjustable 
reamer  was  produced.  One  type  of  adjustable  reamer  is  shown 
in  Fig.  41.  It  is  adjusted  to  the  desired  size  by  means  of  a 
ground  tapered  plugthat  acts  on  the  blades  a  and  moves  them 
outwards,  thus  causing  the  reamer  to  cut  a  larger  hole.  This 
plug  may  be  locked  by  the  locknut  b  when  the  adjustment  has 
been  made.  With  this  type,  a  limited  amount  of  wear  or  the 
reduction  of  diameter  due  to  grinding  can  readily  be  taken  up. 

53.  A  reamer  that  is  adjustable  to  allow  for  wear  and  also 
for  different  sizes  ot  holes,  within  narrow  limits,  is  shown  in 
Fig,  42  (a).  The  blades  a  are  L-shaped  in  section  and  rest  in 
slots  nulled  in  the  body  of  the  reamer.  Each  is  held  in  place 
by  two  or  more  setscrews  b.  A  partial  cross-section  of  the 
reamer,  showing  this  method  of  holding  the  blades,  is  given 
in  (h).  The  sctscrew  b  has  a  beveled  head  that  bears  against  a 
beveled  face  on  the  blade  u  and  forces  the  latter  firmly  against 
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the  bottom  and  side  of  the  slot  in  the  body  c.  Another  form  of 
blade  is  shown  in  (c),  but  the  method  of  holding  it  is  much  like 
that  jtist  described.    Thin  liners  of  tin-foil,  hard  paper,  sheet 


steel,  or  brass  may  be  placed  under  the  blades  in  the  slots  so  as 
to  adjust  the  blades  to  cut  the  desired  size  of  hole.  Such  liners 
should  be  free  from  dents  or  wrinkles. 

54.  Expansion  Reamer. — ^Another  form  of  adjustable 
reamer,  known  as  the  expansion  reamer,  is  shown  in  Fig.  43. 
The  reamer  is  drilled  for  a  taper  plug  in  the  lower  end,  and  the 
sides  are  slotted,  as  shown.  The  plug  is  threaded,  and,  when 
screwed  into  the  end  of  the  reamer,  expands  it.  Reamers  of 
this  kind  are  made  as  small  as  J  inch  in  diameter,  whereas  the 
reamer  illustrated  in  Fig.  41  is  not  made  smaller  than  j  inch. 
The  adjustment  also  is  very  easily  made,  and,  by  taking  a 
number  of  cuts,  a  large  quantity  of  metal  may  be  removed. 
The  hole  is  not  at  ail  accurate,  however.  The  expanding 
plug  enlarges  the  middle  of  the  reamer  most,  and  the  cutting 
edges  taper  toward  the  ends,  rcsultinR  in  curved  cutting  c6%cs 
without  a  straight  part  to  guide  them.  Any  uncvcnncss 
in    the  structure  of  the  metal  as  well  as  the  act  of  reaming 


Fic.  43 

causes  the  reamer  to  run  out  of  its  true  course.  Where 
accuracy  is  essential,  this  kind  of  reamer  should  never  be 
used  for  the  finishing  cut. 
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55.  Care  of  Reamers. — The  most  serious  difficulty  met 
with  in  reaming  is  the  maintenance  of  the  full  diameter  of  the 
cutting  edges,  and  in  order  to  keep  them  in  good  qondition  as 

long  as  possible,  the  greatest  care  should  be  taken  in  their  use. 
This  is  especially  necessary  with  finishing  reamers,  which  may  be 
rendered  useless  by  a  very  little  wear  or  a  slight  injury.  Reamers 
should  never  be  pounded  or  jerked  sidewise  when  in  a  hole,  and 
when  not  in  use,  they  should  always  be  kept  on  wooden  shelves 
or  on  some  other  wooden  support. 


COUNTEB8INK8 

56.  Brill  Used  as  Countersink. — The  tools  used  in 
countersinking  resemble  the  various  forms  of  drills.  In  some 
shops  and  for  some  classes  of  work,  the  point  of  a  drill  is  simply 
ground  to  the  desired  taper.  When 
the  cutting  edges  are  properly 
formed,  the  metal  uniform,  and  the 
surface  square  with  the  hole,  fairly 
good  results  are  obtained;  but  for 
general  use  it  is  better  to  have  a 
countersink  that  is  gmded  by  a  cen- 
ter guide, 

^'^■**     '  57.     Guide  Countersink.— A 

flat  countereink  provided  with  a  guide  a,  which  fits  the  hole  and 
holds  the  tool  perfectly  central  under  all  conditions,  is  illus- 
trated in  Fig.  44.  When  used  for  flat-headed  screws,  this  style 
of  tool  is  usually  made  with  an  included  angle  of  72°  and  four 
cutting  edges,  as  illustrated  in  Fig.  45. 

58.  Oulde  and  Collar  Countersink.— When  a  coun- 
tersink of  the  same  taper  is  occasionally  required  in  holes  of 
diiierent  diameters,  a  tool  like  that  shown  in  Fig.  46  is  found 
very  serviceable.  The  guide  a,  instead  of  fitting  the  hole, 
becomes  the  bearing  of  a  set  of  collars  of  different  outside  diam- 
eters, made  to  fit  the  different  holes  in  which  the  tool  is  to  be 
used.  One  ot  these  collars  is  shown  in  place  at  <:,  where  it  is 
secured  by  a  screw  b  and  washer  d.     The  cutting  edges  may  be 
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made  of  any  type  desired,  but  four  edges,  as  shown  in  the 
illustration,  are  perhaps  the  most  desirable.  There  are  enough 
cutting  edges  to  guide  the  tool  properly,  and  the  coiKtructiou 


is  very  simple.    Turning  the  cutting  edges  back,  as  shown, 
forms  a  bearing  for  the  top  of  the  collar  and  makes  the  grinding 
easier.    In  some  cases,  col- 
■  lars  are  simply  slipped  over 
the  guide  of  an  ordinary 
countersink. 

59.  Combined 
Reamer  and  Counter- 
sink.— In  plate  work, 
reaming  and  countersink- 
ing may  be  done  at  the 
same  time  with  the  com- 
bination   tool    shown    in 

Fig.  47.    The  lower  end  a     (a)  (O 

is  made  like  an  ordinary  ^'^  ** 

fluted  reamer  and  does  the  work  of  a  reamer,  and  the  coun- 
tersink h  is  formed  with  four  cutting  edges  ground  to  the 
desired  angle. 
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60.  Center  Countersinks. — Fluted  and  half-round 
txMintersinks,  as  shown  in  Fig.  48  (a),  (fr),  and  (c),  are  used 
almost  entirely  in  reaming  centers  in  lathe  work,  but  these 
styles  may  also  be  used  for  ordinary  countersinking. 


61.  Small  Counterbore. — Small  counterbores  are  made 
very  much  like  the  guide  countersink  just  described,  except  that 
the  cutting  edges  are  set  at  right  angles  to  the  center  line.  A 
counterbore  of  this  kind  is  shown  in  Fig.  49. 

62.  Double-Ended  Cutter. — The  counterbore  shown  in 
Fig.  50  is  for  large  and  special  holes.    It  is  made  from  a  round 


[f=^ 


bar  of  steel  and  has  a  taper  shank.  A  rectangular  hole  is  cut 
through  it,  in  which  a  fiat  cutter  a  is  inserted  and  held  by  a 
key  b.  The  end  of  the  bar  is  made  to  fit  the  hole  without  any 
play,  while  the  length  of  the  cutter  represents  the  diameter 
of  the  counterbore.  This  cutter  cuts  on  both  ends,  and  great 
care  must  be  taken  to  have  it  project  the  same  distance  on  each 
side,  and  to  have  the  cutting  edges  ground  so  that  both  sides 
will  take  equal  depths  of  cut. 
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63.     Counterbore  for  Light  Work. — ^A  useful  tool  for 

counterboring  is  illustrated  in  Fig.  51.     A  hole  a  is  drilled  in  the 

bar  b,  in  which  a  round  piece  of  tool 

steel  c  is  inserted  and  held  in  place  by 

a  pin  d.    The  bar  is  then  put  in  a  lathe 

and  the  ends  of  the  tool  c  are  turned 

to  the  desired  diameter.    The  ends  are 

backed    off    and    the    cutting    edges 

ground,  as  shown,  flat  on  face  and 

bottom.     The  lower  end  of  the  bar  is 

turned  to  the  diameter  of  the  hole  be-      ,''       "^^ 
^^  low  the  counterbore,    /     ,ff^    \ 
Ij     to  form  a  guide  for    tEE^^^E3 
the  tool.     This  tool     \^  / 

gives  very  good  re- 
sults when  operated  ^'°  *' 
with  care  and  on  light  cuts,  but  the  cutter  is 
not  heavy  enough   to  stand   a  very  heavy 
strain. 

64.  standard  Counterbore. — Fre- 
quently, holes  must  be  counterbored  in  two 
rations.  For  the  fillister-head  screw, 
for  instance,  one  counterbore  must  be  used 
for  the  head,  and  another  for  the  body  of  the 
screw.  In  this  case  the  countcrbores  are 
made  in  pairs  and  are  of  correct  dimensions 
for  standard  screws.  Such  a  pair  is  shown 
in  Fig.  52,  (a)  being  the  counterbore  for  the 
Mb  head.  The  guide  a  is  shaped  to  fit  the  hole 
made  by  the  tap  drill,  and  the  counterbore  b 
■  is  constructed  to  cut  the  size  of  the  screw 
head.  The  counterbore  shown  in  {b)  is  used 
to  coimterbore  for  the  body.  Here,  again, 
the  guide  a  is  made  to.  fit  the  tap-drill  hole, 
and  the  counterbore  b  has  a  diameter  equal  to  that  of  the  screw 
body.  On  the  counterbores  are  spiral  flutes  making  an  angle 
of  15°  or  20°  with  the  axis.     The  guides,  too,  have  flutes  to 


Ficsa 


^dbyGoOgle 


make  the  sharpening  easier  and  to  allow  the  chips  to  fall  out. 
If  the  body  is  counterbored  first,  it  is  necessaiy  to  use  a  third ' 
counterbore  having  a  guide  the  size  of  the  screw  body. 

65.  Interchangeable  Counterborea. — Counterbores  are 
made  in  which  guides  and  cutters  of  different  sizes  may  be  used 
with  a  standard  holder.  Such  a  form  is  shown  in  Fig.  53,  in 
which  (a)  represents  the  several  parts  of  the  tool  and  (6)  the 
assembled  tool.  The  same  letters  are  used  to  mark  correspond- 
ing parts  in  both  views.     The  shank  a  is  tapered  to  fit  the  dritl- 


press  spindJe  and  the  lower  end  is  bored  out  to  take  the  guide 
pin  b,  which  passes  through  the  cutter  c.  The  cutter  has  two 
tongues  or  lugs  d  that  fit  in  a  corresponding  slot  e  across  the 
bottom  of  the  holder,  and  the  cutter  is  thus  driven.  The  guide 
pin  is  held  in  the  holder  by  the  sctscrew/,  and  holds  the  cutter 
in  place, 

66.  Undercutting. — Different  methods  are  used  to  under- 
cut the  bottoms  of  holes  so  as  to  reduce  the  work  of  tapping. 
This  operation  is  also  sometimes  called  bottom  cotinterboTing. 
One  form  of  tool  for  this   purpose,  known  as  the  Clevelarui 


^dbyGoogle 


i  13  DRILLING  3^ 

under-cutting  tool,  is  shown  in  Pig.  54.  The  shank  a  must  be 
smaUer  in  diameter  than  the  hole  6  to  be  undercut;  and  the  dif- 
ference in  diameters  must  be  twice  the  height  of  the  thread 
on  the  tap  that  is  to  follow  the  undercutting  tool.  A  cutter  c 
is  formed  on  one  side,  at  the  lower  end,  and  the  end  d  is 
made  conical  to  fit  the  bottom  of  the  drilled  hole.     The  tool 


■<c» 


is  sprung  to  one  side  while  the  cutter  is  moved  to  the 
bottom  of  the  hole.  The  machine  is  then  started,  and  as  the 
conical  end  d  is  pressed  down  into  the  conical  bottom  of 
the  drilled  hole  by  the  down  feed,  the  cutter  is  forced  sidewise 
and  the  hole  is  undercut,  as  at  e. 
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67.  The  undercutting  tool  ordinarily  used  in  the  shop  is 
commonly  made  by  turning  a  piece  of  steel  to  the  shape  shown  . 
in  Fig.  55  (a),  so  that  the  upper  end  a  has  a  diameter  equal  to 
that  at  the  bottom  of  the  thread  of  the  tap  to  be  used.  The 
lower  end  b  is  made  smaller  than  the  drilled  hole  c  by  an  amount 
equal  to  twice  the  height  of  the  thread.  The  two  parts  a  and  b 
are  joined  by  a  short  tapered  part  d,  and  a  cutter  e  is  driven  into 
a  hole  drilled  at  an  angle  near  the  bottom  end.  The  tool  is 
inserted  as  shown,  with  the  part  b  in  contact  with  one  side  of  the 
hole.  As  it  is  fed  down,  the  tapered  part  d  comes  gainst  the 
edge  of  the  hole  and  gradually  forces  the  cutter  e  over  against  the 
opposite  side,  causing  it  to  undercut  the  hole.  By  the  time  the 
part  a  has  entered  the  end  of  the  h<ile,  the  bottom  of  the  hole 
has  been  undercut  as  shown  in  (b). 


BPOT-FACINO    OPBBATION8 

68.  Forms  of  Cutters. — The  cutters  used  for  spot  facing 
are  the  same  as  those  used  for  counter  boring ;  the  only  difference 
in  the  operation  lies  in  the  depth  of  the  cut.  A  counterbore 
may  be  of  any  depth,  but  spot  facing  is  carried  just  deep  enou^ 
to  form  a  smooth 
bearing  surface.  The 
bar  with  ah  inserted 
cutter  is  especially 
well  adapted  to  spot 
.  facing  flanges  of  cylin- 


deis,    cast-iron    pipe 
flanges,  etc. 

69.  Spot  Facing 
'  the  Under  Side  of 
a  Flange. — ^A  case  in 
which  an  ordinary  bar  and  cutter  cannot  be  used  for  spot 
facing  is  shown  in  Fig.  56,  in  which  the  under  face  of  the  flange 
just  above  the  inside  bend  must  be  spot-faced.  The  flange  is 
drilled  in  the  ordinary  way,  after  which  the  drill  is  removed  from 
the  socket  and  the  cutter  bar  is  put  in  its  place.    The  cutter 
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is  then  removed  from  the  bar,  the  bar  is  passed  through  the 
hole,  and  a  left-hand  cutter  is  put  in.  with  its  cutting  ec^es 
toward  the  flange.  The  spot  facing  is  then  done  by  feeding  the 
drill  spindle  upwards,  after  securing  the  bar  firmly  in  the  spindle. 
This  operation  is  slow,  and  should  be  iised  only  when  facing 
cannot  be  done  in  the  usual  way. 


CBNTBB    DBILL8    AND    TAPS 

70.  Center  Drills. — The  drills  used  for  drilling  center 
holes  in  the  ends  of  pieces  of  work  are  short  twist  drills  of  small 
diameters,  of  the  form  shown  in  Fig.  57  (o).  They  are  made 
short  because  they  are  used  to  drill  only  shallow  holes,  and  also 
because  shortness  lessens  the  danger  of  breakage.  Center 
reamers  of  the  forms  shown  in  (b)  and  (c)  are  then  used  to  ream 
the  drilled  holes  to  the  proper  angle.     The  cenl^  hole  may  be 


IS 


Sa^ 


formed  in  one  operation  by  the  use  of  a  combination  center  drill 
and  countersink  like  that  shown  in  (d),  which  consists  of  a 
small  twist  drill  a  at  the  point  and  a  coimtersink  b  just  behind 
it.  The  tool  is  made  double-ended  as  a  matter  of  economy  in 
the  use  of  stock. 

71.  Taps. — ^The  forms  of  taps  used  in  drilling  machines 
resemble  hand  taps.  If  the  holes  to  be  tapped  do  not  run  clear 
through  the  work,  a  taper  tap  must  be  used  to  start  the  thread 
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and  a  plug  tap  to  complete  it  to  a  poitit  near  the  bottom.  When 
a  fuJ)  thread  must  be  cut  all  the  way  to  the  bottom  of  a  hole,  the 
plug  tap  is  followed  by  a  bottoming  tap.  These  three  forms  of 
taps  are  shown  in  Fig.  58.  In  the  case  of  holes  that  pass 
through  the  material,  the  taper  tap  alone  may  be  used.  In 
high-speed  machines,  such  as  pneumatic  drills,  a  long  taper  tap 
gives  the  best  results,  as  less  material  is  removed  by  each 


tooth,  the  work  being  distributed  along  the  length  of  the  tap. 
Most  machine  tapping,  howevei,  is  done  by  using  the  plug  tap 
only.  The  shanlcs  of  taps  that  are  to  be  employed  in  the  drilling 
machine  only  may  be  made  to  fit  the  spindle  of  the  machine  for 
which  they  are  intended.  When  they  are  required  for  general 
use,  special  sockets  are  needed  to  receive  the  square  shanks  of 
the  taps. 

HOLDINCt    DEVICES    FOR    DRILLS 

72.     Straight  Socket  With  Setscrew, — Various  de\'iceR 

for  holding  tools  in  drilling-machine  spindles  have  been  brought 
into  use.  One  of  the  earliest  of  these,  which  is  still  found  in 
some  shops,  consists  of  a  straight  hole  in  the  bottom  of  the 
spindle,  with  a  setscrew  to  hold  the  drill,  as  shown  in  Fig.  59. 
The  disadvantage  of  this  form,  however,  is  that  a  burr  is  formed 
on  the  drill  by  the  pressure  of  the  setscrew.  This  burr  roughens 
the  inside  of  the  socket  and  makes  the  removal  of  the  drill  diffi- 
cult.    When  the  shank  docs  not  fill  the  socket  completely,  the 
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pressure  of  the  setscrew  on  one  side  throws  the  drill  off  center  in 
the  spindle  and  results  in  the  cramping  of  the  drill  and  a  poorly 
formed  hole,  and  often  in  a  damaged  or  broken  drill.     Also,  the 
head  of  the  setscrew  is  liable  to  injure  the 
workman. 

73.  Sooket  for  Taper  Shank. — ^A 
very  simple  and  efficient  means  of  holdii^ 
a  drill  having  a  taper  shank  is  shown  in 
Fig.  60.  The  drill  spindle  a  is  made  with 
a  tapered  hole  b  at  the  lower  end.  At  the 
upper  end,  the  holeis  made  flat  on  two  sides 
to  receive  the  tang,  or  flattened  projection,  ^^  "^ 

on  the  upper  end  of  the  drill  shank.  The  taper  is  just  great 
enough  to  hold  the  drill  when  put  in  place  with  a  quick  motion 
of  the  hand  or  under  slight  pressure.    The  drill  shank  must,  of 


by  driving  a  taper  key  c  into  the  slot  d  m  the  spindle.  The 
slot  is  so  located  that  the  point  of  the  key  just  passes  over  the 
end  of  the  tang,  but  when  the  body  of  the  key  is  driven  in, 
'  the  drill  is  forced  out. 
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74.     Drill  Sockets,  or  Collets. — All  sizes  of  drills  can- 
not be  made  with  the  same  size  of  shank;  consequently,  it  is 
necessary  to  have  a  number  of  drill  sockets  or  collets,  Fig.  61 
(a)  and  (b),  to  take  the  sizes  of  drills  that  do  not  fit  the  S[»ndle. 
The  upper  end  of  the  socket  is  made  to  fit  the  spindle,  or  tiie 
next  larger  size  of  socket,  and  the  lower  end  is  made  to  fit  the 
desired  drill.     Collets  are  also  found  very  serviceable  where  it  is 
desirable  to  use  a  drill  with  one  kind  of  shank  in  a  spindle 
intended  for  another.     A  collet  for 
a  taper-shank  drill  and  a  straight 
spindle  is  shown  in  (c). 

75.    Pln-Orlp   Socket.— A 

form  of  drill  socket  that  allows  the 
drill  to  be  changed  while  the  spindle 
is  running  is  shown  in  Fig.  62. 
The  shank  of  the  socket  a  is  made 
to  fit  the  taper  of  the  spindle  b,  and 
a  collet  c  is  made  to  fit  over  the 
shank  of  the  drill  d.  The  body  of 
the  socket  e  is  bored  out  straight 
to  receive  the  collet,  which  is  held 
in  place  by  two  pins  that  enter  the 
groove  /  and  are  controlled  by 
the  collar  g.  To  remove  the  collet, 
the  collar  g  is  raised  with  one 
hand,  while  the  drill  is  in  motion, 
and  the  collet  is  removed  with  the  other  hand. 

76.  A  partial  section  of  the  pin-grip  socket  is  shown  in 
Fig.  63.  The  collar  g  i'i  bored  out  to  form  an  internal  cam.  When 
the  collar  is  in  its  lowest  position,  it  holds  the  pins  A  in,  as  shown, 
their  points  entering  the  groove  /  in  the  collet.  When  the  collar 
is  raised  to  the  position  i  indicated  by  the  dotted  lines,  the  rapid. 
turning  of  the  socket  throws  the  pins  out,  thus  releasing  the 
collet.  The  ends  of  the  pins  are  tapered,  so  that  the  weight 
of  the  collet  or  drill  will  assist  in  moving  them  out  when  the 
machine  is  running  at  a  slow  speed.  The  collar  is  brought  back 
by  its  own  weight  when  released  by  the  hand.     The  collet  c  is 
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made  with  a  tang  /,  which  stands  between  the  two  pins  k, 
thus  causi&g  it  to  rotate  with  the  spindle. 

77.  Key-Grip  Socket. — In  very  heavy  work,  the  tang 
ot  the  drill  sometimes  is  twisted.  Fig.  64  illtistrates  a  device 
that  grips  the  body  of  the  shank  as  well  as  the  end.  The 
illustration  shows  the  grip  socket  with  a  part  cut  away,  thus 
expoang  all  the  working  parts.     The  shank  and  tang  are  of  the 


ordinary  taper  type.  A  keyway  a  is  cut  in  the  shank  of  the 
drill  with  a  circular  cutter,  thus  making  the  bottom  the  arc  of 
a  circle.  The  key  b,  which  fits  the  bottom  of  the  keyway  and 
also  a  slot  in  the  socket,  is  held  in  place  by  a  collar  c  that  is  bored 
eccentrically.  When  in  the  position  shown ,  this  collar  causes  the 
key  to  grip  the  shank  and  keeps  it  from  working  out,  as  well  as 
prevents  it  from  turning  in  the  socket.  To  remove  the  drill,  the 
cdlar  is  turned  to  a  position  where  the  key  is  free  to  move  out 
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of  the  drill  shank,  and  the  drill  is- driven  out  in  the  usual  way. 
This  device  can  be  used  with  any  of  the  standard  taper-shank 
drills  by  simply  cutting  the  keyway. 

A  number' of  other  designs  of  drill  socketaare  made;  these 
include  some  form  of  key  ot  driving  device  at  the  lower  end  of 


the  opening.  This  key  enters  a  corresponding  groove  in  the  drill 
shank.  There  are  also  many  special  forms  of  high-speed  drills 
and  special  methods  of  driving  them. 

78.  Chuck  for  Small  IJrlHs.— Drill  chucks  that  grip  the 
drill  shank  at  three  or  more  points  are  used  for  the  smaller  drills. 
Fig.  65  (a)  shows  a  type  that  is  Jargcly  used.  The  body  of  the 
chuck  a  is  held  in  the  drill  spindle  by  means  of  a  taper  shank. 


In  three  holes  b  converging  toward  the  center  line,  as  shown, 
are  three  jaws  d,  which,  when  forced  forwards  by  the  nut  c,  close 
in  on  the  drill  shank  and  grip  it  firmly.  The  jaws  are  so  formed 
that  the  parts  that  grip  the  drill  arc  always  parallel  and  there- 
fore grip  various  sizes  equally  well. 
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79.  The  nut  on  the  chuck  in  Fig,  65  (o)  is  held  in  and  turned 
with  the  collar  e,  which  is  nurled  on  the  outside  to  furnish  a 
better  grip  for  the  hand.  It  is  in  two  parts  that  are  held  in 
place  in  the  chuck  body  by  the  collar,  which  is  bored  to  a  slight 
taper  and  driven  over  the  nut.  It  is  however,  an  easy  running 
fit  on  the  body.  The  chuck  is  taken  apart  by  carefully  driving 
off  the  tapered  collar.  One  or  more  holes  are  drilled  in  the 
collar,  so  that  a  spanner  can  be  used  to  tighten  the  chuck.  A 
tighter  grip  on  the  drill  can  be  obtained  by  the  method  shown 
in  (6),  Gear  teeth  are  cut  on  the  lower  side  of  the  nut  a,  and  in 
mesh  with  these  is  the 
pinion  b,  which  may  be 
turned  with  a  square-ended 
key  or  wrench. 

80.  Chuck  for  Heavy 
Drills. — ^A  form  of  chuck 
that  is  used  for  heavier  drills 
than  the  one  just  described 
is  shown  in  Fig.  66.  Across 
the  lower  end  of  the  body  of 
the  chuck  is  cut  a  slot  a  in 
which  two  }scfi%  b  are  free 
to  move  toward  and  away 
from  the  center.  The  jaws 
are  controlled  by  means  of  a  screw  c,  one  end  of  which  has  a 
right-hand  thread  that  engages  with  the  thread  on  one  jaw,  and 
the  other  end  a  left-hand  thread  that  engages  with  the  other 
jaw.  The  jaws  are  so  guided  that  the  faces  are  always  parallel, 
and  drills  of  any  diameter  that  will  enter  the  chuck  are  gripped 
equally  well.  A  hole  in  the  plate  e,  which  is  screwed  to  the 
bottom  ot  the  body,  is  large  enough  to  take  only  the  largest 
diameter  of  drill  for  which  the  chuck  is  designed.  A  plate  / 
just  above  the  jaws  contains  a  slot  g  made  to  fit  the  tang  on 
the  upper  end  of  the  drill  shank,  thus  preventing  the  drill  from 
slipping  in  the  chuck. 

81.  Quick-Acting  Roller  Chuck. — A  side  view  and  a 
bottom  view  of  a  quick-acting  automatic  chuck  are  shown  in 
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Fig.  67  (a)  and  (b).     The  drill  a  is  held  in  the  center  of  tbe  chuck 
by  three  rollers  b,  each  of  which  bears  against  a  curved  surface  c 
formed  on  the  inside  face  oi  the  sleeve  d.    The  curved  surfaces 
are  slanted,  so  that  when  the  sleeve  is  twisted  in  one  direction, 
they  force  the  rollers  inwards  and  grip  the  drill,  and  when  it  is 
twisted  in  the  other  direction,  they  release  the  drill.     Drills  may 
be  changed  in  this  chuck  without  stop- 
ping the  drill   press.     The  sleeve    d  is 
grasped   firmly  and  held  from  turning; 
then  the  drill  is  removed,  and  another  is 
inserted,  after  which  the  sleeve  is  released. 
A  coiled  spring  inside  the  sleeve  imme- 
diately acts  on  the  sleeve  and  turns  it  so 
as  to  cause  the  rollers  to  grip  the  drill 
hard  enough  to  hold  it.     When  the  drill 
begins  to  cut,  the  twisting  tends  to  turn 
the  sleeve  still  more,  and  grips  the  drill 
still  more  firmly. 

82.  Safety  Drilling  and  Tapping 
Device.— A  very  efficient  safety  device 
for  drilling  and  tapping  is  illustrated  in 
Fig.  68.  A  shank  a,  which  is  tapered  to 
fit  the  spindle  with  which  it  is  to  be  used, 
has  on  its  lower  end  an  enlarged  part 
that  is  threaded  on  the  outside  and  bored 
out  to  form  a  friction  seat  for  a  socket  6. 
A  cap  c.  which  has  an  internal  thread  to 
fit  the  external  thread  on  the  shank, 
clamps  the  socket  between  itself  and  the 
shank,  forming  another  friction  surface 
between  the  socket  and  the  cap.  Two 
fiber  washers  d  and  e  are  placed  between 
the  socket  and  the  adjoining  surfaces.  The  cap  c  is  tightened 
on  the  washers  until  the  friction  obtained  is  sufficient  to  drive  the 
drill  or  the  tap,  and  is  held  in  adjustment  by  the  check-nut  h. 

83.     Two  spanner  wrenches  are  required  to  make  the  adjust- 
ment pf  the  device  sho\vn  in  Fig.  68-     Drill  and  tap  sockets  that 
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fit  the  required  drills  or  taps  are  made  to  fit  the  socket  b  and 
are  kept  from  dropping  out  by  the  catch  pin  /,  which  enters  the 
grooves  m  and  n  in  the  drill  and  tap  sockets  and  is  held  in  place 
by  a  spring  and  a  retaining  screw.     The  sockets  are  driven  by 
means  of  two  feathers.     The  tap  shank  is  made  about  .01  inch 
smaller  in  diameter  than  the  tap  socket  /,  thus  allowing  the  tap 
to  take  its  own  feed  without  injury  to  the  thread,  and  to  center 
itself  with  the  hole  without  binding./   A  catch  pin  o,  held  ia 
place   by  a  flat   spring,  engages 
with  a  groove  in  the  tap  and  keeps 
it  from  dropping  out  until  a  force 
greater  than  its  own  weight  is  ap- 
plied.    A  specimen  of  the  taps 
used,  marked  t,  shows  how. the 
shank  is  constructed,  p  being  the 
groove  for  the  catch  pin.    The 
drill  socket  g,  which  is  made  in 
various  sizes  to  take  drills  of 
different  sizes,  has  a  standard 
taper  and  a  slot  ;  at  the  upper 
end  to  receive  the  tang. 

84.  Automstlc-Beverse 
Tapping  Chucks. — If  a  large 
amount  of  tapping  is  done,  much 
time  may  be  saved  by  the  use 
of  a  device  that  will  reverse  the 
tap  and  back  it  out,  either  when 
the   tap   bottoms   or   sticks,   or 

when  it  has  run  to  the  required  depth.  Several  such  devices 
are  on  the  market  and  many  of  them  give  very  good  results.  In 
one  class,  the  mechanism  is  so  designed  that  the  tap  travels  with 
the  spindle  while  ninnii^  forwards,  but  as  soon  as  it  meets 
with  more  than  a  certain  amount  of  resistance,  a  reversing  gear, 
or  set  of  gears,  is  thrown  into  action  and  the  tap  is  backed  out 
at  an  increased  speed.  In  another  class,  the  tap  is  also  reversed 
and  backed  out  when  it  has  run  to  a  stated  depth.  Such  a 
device,  it  will  be  seen,  insures  safety  and  saves  time.        , 
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HOLDING  WORK  FOR  DRILLING 
85.  DrllUng-Blachine  Table. — The  tabic  of  the  ordinary 
drill  press  should  furnish  a  perfectly  plane  surface  standii^  at 
right  angles  to  the  center  line  of  the'  spindle.  It  should  also 
be  provided  with  holes  through  which  bolts  may  be  passed  or 
with  radial  slots  for  T-hcaded  bolts,  so  that  work  may  be 
damped  rigidly  on  it.  Securing  the  work  properly  on  the  table 
of  a  drilling  machine  is 
one  of  the  important 
parts  of  drilling.  A  piece 
that  is  not  properly  set 
or  not  well  secured  will 
not  be  well  drilled, 
I  although  all  other  con- 
I  ditions  may  be  perfect. 

86<  SeouFlnff 
Work. — A  plain  piece  of 
work,  in  which  the  holes 
arc  to  be  drilled  at  right 
angles  to  the  face  on 
which  the  piece  rests, 
may  be  secured  as  shown 
in  Fig.  69.  The  piece  a 
to  be  drilled  is  laid  on 
the   table   b,    with   two 


Iuie   lanie   o,    wiin 
parallel  pieces  of  ire 
—'  under  it  to  raise  it 


far 

^"^'  *"  enough  from  the  table  to 

prevent  damage  to  the  latter  when  the  drill  emerges  from  the  ' 
piece.  Two  clamps  d  are  then  placed  with  one  end  of  each  on 
the  piece  over  the  parallels,  and  the  other  ends  on  blocks  or 
screw  jacks  e  of  the  same  height  as  the  top  of  the  piece.  Bolts  / 
are  then  put  through  the  clamps  and  the  table,  as  near  to  t,he 
work  as  the  holes  will  allow,  anil  the  nuts  arc  screwed  down  until 
the  clamps  press  firmly  on  the  piece  and  hold  it  rigidly  enough 
to  prevent  any  slijiping  while  the  drill  is  passing  through  it. 
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87.  The  essential  features  of  clamping  are  shown  in  Pig.  69. 
A  piece  must  always  be  set  so  that  the  center  line  of  the  hole  to  be 
drilled  is  parallel  to  the  center  line  of  the  spindle,  and  must 
be  clamped  rigidly  in  that  position.  Great  care  must  be 
taken  to  have  all  the  supports  so  adjusted  that  the  piece  will 
not  spring  out  of  shape  when  the  clamps  arc  tightened  down. 
Irregular  parts  that  have  no  fiat  surfaces  on  which  to  rest  must 
be  supported  with  jacks  or  blocks  at  different  ix>ints.  When 
pieces  that  are  too  large  to  be  supported  entirely  on  the  table 
are  to  be  drilled,  the  overhanging  parts  must  be  blocked  up,  , 
to  prevent  any  undue  strain  on 
the  table  or  any  spring  in  the 
piece  ilself. 


:^ 


88.  Plain    Clamp.— The 

clamps    are    often    made    by    ' 

drilling  a  hole  a    little  larger  < 

than  the  bolt  in  a  piece  of  flat 

iron  of  suitable  length.     This 

kind    of    clamp   is    sometimes    ^ [~] 

made  with  an  offset,  as  shown    (   (^ 

in  Fig.  70  (a),  which  serves  the     V  I   I 

purpose  of  lowerir^  the  clamp-  (*> 

bolt   nut  so  that  it  does  not  '''°-™ 

interfere  with  other  parts,  and  allowing  shorter  bolts  to  be  used. 

89.  U  Clamp. — A  more  convenient  clamp  is  made  of  a 
piece  erf  square  iron  bent  to  the  form  of  a  U,  as  shown  in 
Fig,  70  {b),  the  inside  width  being  just  great  enough  to  take  the 
bolt  freely.  Such  a  clamp  can  be  removed  and  rqjlaced  with- 
out taldi^  the  nut  off  the  bolt.  In  some  cases,  the  other 
form  is  of  advantage,  however,  and  both  are  found  among 
the  accessories  of  a  drilling  machine.  The  U  clamp  is  often 
made  without  the  offset  at  the  end,  shown  in  the  illustration. 

90.  8crew  Jack. — The  screw  jack  consists  of  a  cast-iron 
foot  a.  Fig.  71,  which  has  a  tapped  hole  running  vertically 
through  it  and  a  square-headed  bolt  b.  with  a  thread  ait  the 
entire  length  of  the  body,  scTcwe<l  into  it.     The  top  of  the 
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bolthead  should  be  faced  to  form  a  good  bearing  surface,  aod 
the  comers  rounded  to  prevent  any  digging  when  adjusting  the 
height.  The  bottom  of  the  foot  is  some- 
times left  rough,  but  it  is  better  to  have 
it  finished, 

91.    Parallels. — The  parallels  used  in 

blocking  up  the  work  should  be  carefully 

and  should  be  made  of  rectangular 


cross-section  and  in  p^rs.  Sometimes  parallels  are  made  with 
the  width  exactly  twice  the  thickness.  It  is  convenient  to  have 
the  width  of  each  p^r  equal  to  the  thickness  of  the  next  larger 
pair. 

92.    V  Blocks. — Cylindrical  parts  are  usually  supported  on 

V  blocks,  as  shown 
at  a.  Fig.  72.     The 

V  blocks  should  be 
made  in  pairs,  so 
that  a  piece  resting 
on  them  may  be  ex- 
actly parallel  to  the 
drill  table.  It  is 
usually    of   advan- 

^'°- "  tage  to    make    the 

block  wide  enough  to  support  short  pieces  with  a  single  clamp, 
as  shown.    A  hole  b  drilled  at  the  point  of  the  V  will  form  a 
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clearance  in  planii^.    The  two  sides  of  the  V  usually  make  an 
angle  of  90°  with  each  other. 

93.  Angle  Plates. — A  piece  with  a  flat  surface  at  right 
angles  to  the  sur- 
face to  be  drilled  is 
iisually  attached  to 
an  angle  plate  by 
means  of  clamps^  as 
shown  in  Fig.  73. 
If  the  overhanging 
partis  too  long,  it 
should  be  blocked 
or  jacked  up  and  ^°'  '^ 

damped  at  another  point  as  far  away  from  the  angle  plate 
The  angle  plate  must,  of  course,  be  firmly  bolted 
to  the  table.  Angular 
pieces  are  frequently  sup- 
ported on  angle  plates  of 
the  same  inclination  as  the 
pieces.  For  instance,  the 
piece  a  in  Fig.  74  is  clamped 
to  an  angle  plate  b  of  the 
same    inclination,  thus 

bringir^  the  surface  to  be  drilled  parallel  to  the  table. 

94.  C  Clamp. — The  style  of  clamp  shown  in  Fig.  73  is 
known  as  a  C  damp  and  is  shown  on  a  larger  scale  in  Fig.  75. 


95.     Vise. — ^A  vise  as  shown  in  Fig.  76  is  often  used  for 
supporting  the  work.     It  is  espedally  convenient  where  the 
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bottom  of  a  piece  is  irregular  and  yet  has  parallel  sides  that  the 
vise  may  grip  between  the  jaws  a.    A  lug  b  on  each  side  forms 

a  convenient  means  of  clamping  the  vise 

to  the  table. 

96.  Universal  Vise. — ^A  universal 
vise  that  may  be  bolted  to  the  table  of 
a  drilling  machine  and  may  be  rotated 
both  in  a  horizontal  and  in  a  vertical 
direction  is  shown  in  Fig.  77.  The  two 
circles  a  and  b  are  graduated,  as  sho«-n. 
Such  a  vise  is  especially  useful  where 
holes  must  be  drilled  at  difTerent  angles 
in  the  same  piece.  The  piece  can  be  set 
cither  horizontally  or  vertically,  and,  by 
having  the  circles  graduated,  it  can  be 
rotated  to  any  desired  angle  without 
resetting. 

fl7.     Drilling  Parts   Togetlier. 

When  two  adjoining  pieces  are  to  be 

^'°- ""  drilled  so  that  the  holes  in  the  two  are 

to  match  perfectly,  they  should  be  drilled  together  whenever 

practicable.     This  insures  a    perfectly   continuous   hole,   and 

avoids  a  great  deal  of  awkward  and  ex]X!nsive  fitting. 
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DRILLIXG  MACHINES 


CONSTRUCTION  AND  OPERATION 


DBILU    FOB    UBDITTH    WOBK 

1.  Kinds  of  Drilling  Uachlnes. — The  drilling  machines 
most  conunonly  used  in  the  machine  shop  are  classed  as  drill 
presses,  radial  drills,  column  or  post  drills,  horizontal  drills, 
traveling-head  drills,  gang  or  multiple-spindle  drills,  sensitive 
drills,  and  portable  drills.  There  are  also  a  number  of  kinds  of 
sjiecial  drills.  Drilling  machines  used  for  ordinary  work  are 
usually  made  so  that  the  work  is  held  stationary  during  the 
drilling  operation  while  the  tool  is  rotated  as  it  is  fed  into  the 
work.  Sometimes,  however,  the  work  is  rotated  and  the  tool 
is  fed  down  into  it  without  turning. 

2.  Heavy  Drill-Press. — ^A  form  of  drill  press  that  is 
used  on  a  large  variety  of  work  is  shown  in  Fig.  1.  As  the 
column  a  forms  the  main  part  of  the  machine,  it  must  be  stiff 
enough  to  prevent  springing  during  drilling.  It  is  held  upright 
by  a  heavy  floor  plate  b  that  is  used  also  as  a  support  for  large 
work.  An  arm  c  is  carefully  fitted  on  the  lower  part  of  the 
column  and  carries  a  table  d  on  which  small  work  is  held  for 
drilling.  The  arm  may  be  swung  around  the  column;  also,  it 
may  be  moved  up  or  down  by  turning  the  handle  e,  which  drives 
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a  small  pinion  that  meshes  with  the  rack  /.  The  rack  is  free 
to  slide  arcnind  the  column  as  the  arm  is  swung,  but  it  is  pre- 
vented from  moving  up  or  down  by  the  shoulders  between  which 
it  fits.  The  table  can  be  turned  on  the  pin  by  which  it  is  held 
in  the  end  of  the  arm.  Both  the  table  and  the  arm  may  be 
locked  in  position  by  tightening  the  clamping  screws. 


3.  Driving  of  Drill  Press. — The  drill  press  shown  in 
Fig.  1  is  driven  from  a  countershaft  or  a  line  shaft  by  a  belt  that 
runs  on  the  pulley  g,  which  is  fastened  to  the  same  shaft  as  the 
cone  pulley  k.  This  belt  is  shifted  to  the  loose  pulley  i  when 
the  drill  is  to  be  stopped.     From  the  cone  h  a  belt  runs  to  the 
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siinilar  cone  /  at  the  top.  When  the  belt  is  on  the  largest  pulley 
of  the  lower  cone  and  the  smallest  pulley  of  the  upper  cone,  the 
drill  has  its  greatest  speed ;  and  when  the  belt  is  on  the  smallest 
pulley  of  the  lower  cone  and  the  largest  pulley  of  the  upper 
cone,  the  drill  has  its  least  speed.  The  upper  cone  drives  the 
spindle  k  through  a  short  horizontal  shaft  I  and  the  bevel  gears  m.- 

4.  Back  Oearlng  of  Drill  Press. — ^The  driving  shaft  /, 
Fig.  1,  is  made  in  two  parts  that  may  be  connected  or  dis- 
connected by  moving  the  clutch  n  by  means  of  the  handle  o. 
A  small  gear  p  is  fastened  to  the  driving  shaft  near  the  cone 
pulley  and  meshes  with  the  large  back  gear  q,  which  thus  tTims 
at  a  slower  speed  than  the  gear  p.  The  back  gear  q  is  fixed  on 
a  quill,  or  sleeve,  that  has  a  small  gear  r  at  its  other  end,  and 
the  gear  r  meshes  with  a  gear  s  on  the  shaft  /,  The  back  gears  q 
and  r  can  be  shifted  along  the  shaft  on  which  the  quill  turns, 
and  may  thus  be  thrown  out  of  mesh  with  the  gears  p  and  s. 
The  handle  u  is  so  arranged  that  when  the  clutch  n  is  thrown 
into  action,  the  badt  gears  are  thrown  out  of  mesh ;  and  when  the 
clutch  is  thrown  out  of  action,  the  back  gears  are  moved  into 
mesh.  When  the  back  gearing  is  in  mesh,  the  drill  spindle  is 
driven  slowly  but  with  great  force. 

5.  Drill-Press  Spindle  and  Head. — The  lower  end  of  the 
spindle  k.  Fig.  1,  rotates  ii^de  the  cast-iron  sleeve  (,  which 
passes  through  a  hole  bored  in  the  outer  end  of  the  head  «.  The 
head  may  be  moved  up  or  down  on  the  slide  v,  and  its  purpose  is 
to  steady  the  end  of  the  spindle.  The  cast-iron  sleeve  (  has  a 
rack  w  at  one  side,  by  which  it  may  be  moved  upwards  or 
downwards,  carrying  the  spindle  with  it,  and  thus  giving  the 
feed  to  the  drill.  The  upper  end  of  the  spindle  has  a  keyway 
cut  in  it,  to  fit  a  feather  set  in  the  hub  of  the  larger  of  the  bevel 
gears  m.  Thus,  the  spindle  is  driven  when  the  bevel  gear  turns, 
but  may  move  up  and  down  in  the  gear  when  the  sleeve  (  is 
raised  and  lowered.  A  tapered  hole  is  bored  in  the  lower  end 
of  the  spindle  to  receive  the  drill  shank.  The  chains  x  attached 
to  the  sleeve  and  to  the  head  pass  over  pulleys,  and  run  down 
inside  the  colimin  a,  where  counterweights  are  hung.  The  sleeve 
and  the  head  are  thus  counterbalanced  and  may  be  rm.<ied  easily. 
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6.  Feed-Hechanlsm  of  Drill  Press. — The  feed  of  the 
drill  press  shown  in  Fig.  1  is  obtained  from  the  pulley  y.  A 
belt  runs  fnan  this  pulley  to  the  pulley  z,  which  drives  a  set  c^ 
gears  a'  that  mesh  with  a  corresponding  set  b'  on  the  vertical 
shaft  c'.  The  gears  in  each  set  are  of  different  sizes,  and  by 
moving  the  rod  d',  the  pulley  z  can  he  made  to  drive  the  shaft  c' 
through  any  one  of  the  four  pairs,  thws  enabling  the  shaft  c*  to 
be  turned  at  different  speeds.  The  shaft  c'  has  at  its  lower 
end,  a  bevel  pinion  that  drives  a  bevel  gear  e'  on  the  worm- 
shaft  /',  and  the  worm  on  the  worm-shaft  drives  a  pinion  that 
meshes  with  the  rack  w.  In  this  way  the  downward  feed  of 
the  spindle  may  be  varied  to  suit  the  work.  The  drill  may  be 
fed  by  hand  by  tiu-ning  the  hand  wheel  g'.  Power  feed  is 
obtained  when  the  bevel  gear  e'  is  clamped  to  the  worm-shaft 
by  tightening  the  nurled  nut  h'. 


HlflH-NPERD    DRILU 

7.  Carbon  Steel  and  Alloy  Steel . — The  two  kinds  of  steel 
used  for  drills  are  carbon  steel  and  alloy  steel,  the  latter  being 
also  called  high-speed  steel.  Carbon  steel  suitable  for  drills 
contains  about  li  per  cent,  of  carbon,  and  drills  made  from  it 
are  hardened  by  being  heated  to  a  cherry  red  and  then  dipped 
endwise  into  cold  water,  brine,  or  a  special  hardening  bath. 
Alloy,  or  high-speed,  steel  contains  different  percentages  of  one 
or  more  of  the  substances  manganese,  chromium,  nickid, 
tungsten,  or  vanadium.  It  is  not  injured  by  the  temperatures 
to  which  a  cutting  tool  is  heated,  and  drills  made  of  it  are 
hardened  by  being  heated  to  a  white  heat  and  then  cooled  by  a 
blast  of  air.  Drills  made  of  alloy  steel  can  be  run  at  from  two 
to  three  times  the  speed  of  carbon-steel  drills  of  the  same  size. 

8.  Ball-BearlDK  Drill  Spindle. — The  ordinary  type  of 
drill  spindle  is  in  direct  contact  with  the  sleeve  in  which  if 
turns,  and  there  is  con.siderable  friction  between  the  two  parts. 
This  friction  is  greatly  increased  if  the  lubrication  is  poor  or 
if  the  parts  arc  badly  adjusted.  Tests  on  ordinary  machines 
driven  by  IJ-inch  bells  showed  that  the  limit  of  the  capacity 
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of  the  machines  was  reached  when  a  f-inch  carbon-steel  drill 
was  used;  but  when  ball  bearings  were  used,  instead  of  plain 
bearings,  on  the  spindle,  a  f-inch  high-speed  drill  could  be 
employed.  As  a  result  of  these  tests,  a  class  of  hght  drills  with 
ball  bearings  has  been  made  for  use  at  high  speeds. 


9.     Simple  Radial  Drill.— A  machine  that  is  designed  for 

a  class  (rf  work  that  cannot  well  be  mounted  upon  a  drill-press 
tabic,  either  because  of  its  size  or  weight,  is  shown  in  Fig.  2  and 


is  called  a  radial  drill.  The  spindle  is  carried  in  a  head  that 
traverses  back  and  forth  on  a  radial  arm  a,  which  is  hinged 
on  a  vertical  shde  s  on  the  column  b.    The  spindle  is  driven 
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by  a  belt  c  that  runs  over  the  pulley  x  on  the  shaft  d  and  over  the 
putley  y  on  the  end  of  the  arm.  An  intermediate  pulley  that 
travels  with  the  head,  and  about  which  the  belt  is  carried  by 
means  of  an  idler,  transmits  the  motion  to  the  spindle.  The 
plan  view  of  the  belt  c  is  shown  in  Fig.  3.  The  driving  pulley  x 
is  splined  upon  the  shaft  d,  and  the  pulley  y  is  supported  on  th6 
outer  end  of  the  arm  o;  z  represents  the  driving  pulley  on  the 
drilling  head,  and  w  represents  the  idler.  The  motion  is 
transmitted  either  to  the  spindle  direct  or  through  back  gears 
shown  at  /,  Fig.  2.  A  counterweight  (  balances  the  weight  of 
the  spindle,  thus  relieving  the  feeding  device.  The  head  is 
traversed  by  means  of  a  hand  wheel  v,  which  has  a  worm  on 
the  other  end  of  its  shaft  engaging  with  the  rack  g. 

10.  Both  hand  feed  and  power  feed  are  provided  on  the 
drill  shown  in  Fig.  2.     The  former  is  operated  by  the  hand 

wheel  h  on  the  shaft  *,  which 
has  on  its  end  a  worm  at  / 
that  engages  with  a  rack  on 
the  upper  end  of  the  spindle. 
The  power  feed  is  obtained 
''"^'  ^  ,  by  means  of  a  worm  on  the 

spindle  nmning  in  a  worm-gear,  and  is  connected  with  the 
shaft  i  by  means  of  the  gears,  worm,  and  worm-gear  at  k.  Either 
the  hand  feed  or  the  power  feed  is  thrown  in  as  desired  by 
means  of  the  hand  wheels  /  and  m  and  the-pin  n. 

In  the  larger  sizes  of  this  type  of  machine,  a  power  trav- 
erse for  the  head  is  also  furnished,  taking  its  power  from  a 
screw  in  the  radial  arm  a,  which  is  connected  with  the  vertical 
shaft  d  by  a  pair  of  bevel  gears.  The  arm  a  and  the  slide  s  are 
raised  by  a  screw  in  the  column  that  runs  in  a  nut  attached  to 
the  dide  between  the  guides  of  the  upright.  The  power  is 
transmitted  to  this  screw  through  the  gearing  at  o,  and  is 
controlled  by  the  handle  p  on  the  lower  end  of  the  vertical  rod  q. 

11.  The  work  for  which  the  radial  drill  is  used  is  usually 
large  and  is  generally  supported  on  the  foot-plate  r.  Fig.  2,  which 
is  finished  and  fitted  with  slots  for  T-head  bolts.  The  table  s 
is,  however,  provided  for  smaller  pieces,  or  pieces  that  require 


^dbyGoOgle 


S 14  DRILLING  7 

side  support.  It  is  finished  and  has  slots  for  supporting  work 
on  the  top  and  sides.  For  light  work,  its  own  weight  is  sufficient 
to  hold  it  in  place,  but  for  very  heavy  cuts,  or  where  there  is  a 
tendency  to  tip,  it  should  be  bolted  down.  The  work  must 
always  be  so  set  that  there  will  be  no  spring  in  the  piece  when 
the  clamps  are  tightened,  and  should  be  so  placed  that  as  much 
work  as  possible  may  be  done  without  resetting. 

12.  Oear-Drlven  Radial  Drill.— The  radial  drill  is  often 
driven  by  shafts  and  gears  instead  of  by  belts.  The  power 
is  transmitted  directly  from  the  main  driving  cone  to  a  vertical 
shaft  in  the  center  of  the 
column,  and  then,  by  means 
of  gears  at  the  top  of  the 
column,  to  a  vertical  shaft 
corresponding  to  d,  Fig.  2. 
Another  pair  of  bevel  gears 
connect  this  shaft  with  a  hori- 
zontal shaft  on  the  radial  arm, 
and  the  lattef  shaft  in  turn  is 
geared  to  the  spindle  in  the 
drilling  head. 

13.  Universal  Table. 
The  universal  table,  shown  in 
Fig.  4,  may  be  used  on  a  radial 
drill  to  hold  small  pieces  in 
which  holes  must  be  drilled  at  an  angle.  The  table  is  bolted 
to  the  foot-plate  by  the  lugs  a,  and  may  be  turned  about  its 
center  on  the  drcle  b.  The  top  can  be  set  at  an  angle,  as  shown, 
by  turning  the  handle  c,  which  drives  a  worm  that  meshes  with 
the  worm-gear  d.  Clamping  bolts  on  each  circle  hold  the  table 
firmly  in  place  when'it  has  been  adjusted  to  a  desired  position. 

14.  ITniversal  Radial  Brill. — Large  work  that  cannot 
be  supported  on  a  universal  table  is  drilled  on  a  radial  drill 
having  an  arm  that  can  be  rotated  about  its  own  center,  and 
that  is  equipped  with  a  head  that  can  be  thrown  to  any  angle, 
as  shown  in  Fig.  5.    The  rotation  of  the  arm  is  obtained  by 
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pivoting  it  on  the  center  of  the  shaft  c.  Such  a  machine  is  called 
a  universal  radial  drill.  The  circle  a  on  which  the  arm  is 
rotated  is  graduated  in  degrees,  and,  as  the  arm  may  be  turned 
through  the  entire  circle,  an>  adjustment  to  any  angle  may  be 
made  quickly  and  accurately.  The  circle  b  on  the  head  is  also 
graduated,  thus  furnishing  a  ready  means  of  setting  the  spindle 
to  any  required  angle.     This  machine  differs  in  some  details 


from  the  radial  drills  already  described,  but  it  has  the  same 

general  construction. 

15.  Change- Speed  Gear-Box, — The  speed  of  a  drill 
spindle  may  be  altered  by  using  a  gear-box,  as  shown  in  Fig.  6, 
The  gear-box  consists  of  a  casing  a  containing  a  set  of  change- 
speed  gears,  and  is  bolted  to  the  base  b  of  the  drill.  A  belt 
drives  the  pulley  c,  and  the  coupling  d  connects  the  gear-box 
to  the  driving  shaft  of  the  machine.     The  speed  is  changed  by 
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shifting  the  handle  e  up  or  down  along  the  scries  of  steps  formed 
along  the  open  side  of  the  gear-box.     When  the  gears  arc  set 


for  a  given  speed,  the  handle  is  held  in  place  by  a  pin  that  fits 
a  corresponding  hole  just  below  the  step.    In  the  gear-box 


shown,  eight  different  speeds  may  be  obtained.     The  positions 
of  the  handle  for  these  speeds  are  niimbered  from  1  to  8,  as 
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shown  on  the  plate/,  the  speed  being  greatest  at  position  /  and 
least  at  position  8. 

16.  A  back  view  of  the  gear-box,  with  the  back  cover 
removed,  is  shown  in  Fig.  7,  and  in  Fig.  8  (a)  and  (6)  are  shown 
diagrams  of  the  gear-arrangement  as  seen  from  the  front  and 
the  end  of  the  gear-box.  The  views  in  Fig.  8  do  not  give  the 
actual  shapes  and  proportions  of  the  parts,  but  are  merely 
intended  to  show  the  principle  on  which  the  gear-box  acts. 
Those  corresponding  parts  that  can  be  seen  in  both  Figs.  7 
and  8  are  given  the  same  reference  letters.  The  pulley  a  is  fixed 
to  a  shaft  b  that  runs  from  end  to  end  of  the  gear-box.  A 
pinion  c  is  splined  to  the  shaft,  so  that  it  can  move  freely  along 
the  shaft  but  must  turn  when  the  shaft  turns.  This  pinion  is 
held  between  the  jaws  d  that  form  the  upper  end  of  the  handle  e 
by  which  the  changes  of  speed  are  made.  These  jaws  can  both 
turn  and  slide  on  the  shaft  b. 

17.  In  the  lower  part  of  the  gear-box.  Pigs.  7  and  8,  is  a  series 
of  gears  /,  g,  k,  and  i  separated  by  blanks  ;  and  forming  a  cone. 
These  gears  are  fixed  on  the  shaft  k  that  is  connected  by  the 
coupling  /  to  the  driving  shaft  of  the  drill.  The  handle  e  near 
its  middle  carries  a  compound  pinion  consisting  of  two  small 
gears  m  and  n  firmly  fastened  together.  These  gears  are  of 
different  sizes  and  are  fast  to  a  shaft  o  that  tiims  in  bearings  in 
the  handle  e.  The  smaller  gear  «  of  the  compound  pinion  is 
always  in  mesh  with  the  pinion  c  on  the  shaft  b,  and  when  the 
handle  e  is  lifted  and  moved,  the  compound  pinion  and  the 
pinion  c  are  shifted  in  the  same  direction  and  at  the  same  time. 
By  shifting  the  handle  sidewise  in  the  slot  in  the  front  of  the 
gear-box,  the  gear  m  or  «  of  the  compound  pinion  may  be 
engaged  with  any  one  of  the  gears/,  g,  k,  and  i,  and  thus  eight 
different  speeds  may  be  obtained. 

18.  In  the  position  shown  in  Fig.  8,  the  gear-box  is  set  for 
the  greatest  speed,  corresponding  to  position  1  on  the  plate  /, 
Fig.  6.  The  pinion  m.  Fig.  8,  is  in  mesh  with  the  gear/  and  the 
shaft  k  is  driven  at  the  greatest  speed  that  can  be  obtained  with 
this  gear-box.     If  the  handle  is  moved  one  step  to  the  left,  the 
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innion  n  will  engage. with  the  gear  /  and  the  shaft  k  will  turn 
slower.  If  the  handle  is  shifted  one  step  to  the  right  from  the 
podtion  shown,  the  pinion  «  will  mesh  with  the  gear  g  and  a  still 
slower  speed  will  result,  because  the  gear  g  is  larger  than  the 
gear  /,    To  make  certain  that  the  gears  are  in  the  correct  posi- 


tioQ  to  engage  properly,  the  handle  has  a  projecting  toe  q  at 
the  bade,  and  on  the  back  cover-plate  r  is  a  rack  5  with  eight 
slots.  The  handle  cannot  be  lowered  to  engage  the  gears  until 
the  toe  q  is  directly  opposite  one  of  these  slots.  The  toe,  the 
rack,  and  the  slots  are  dearly  shown  in  Fig.  7,  also. 


SBNBmVE    DRILU 

19*  Construction  of  Sensitive  Drill. — In  a  machine 
shop,  there  is  a  large  amount  of  light  work  on  which  it  is  neces- 
sary to  use  drills  that  are  too  small  to  be  run  at  the  required 
speeds  in  heavy  drilling  madiines.  This  has  led  to  the  develop- 
ment of  a  light  and  sensitive  type  of  drilling  machine  called  the 
sensitive  drill,  one  form  of  which  is  shown  in  Fig,  9,  The  power 
is  transmitted  directly  to  the  spindle  by  belts,  and  the  speed 
is  varied  by  the  use  of  cone  pulleys.  The  feed  is  obtained  by 
hand  by  turning  the  lever  or  bar  at  the  outer  end  of  the  head  c. 
The  lever  is  fixed  to  a  shaft  that  carries  a  pinion  that  meshes 
with  a  radc  cut  in  the  sleeve  of  the  spindle.  This  is  the  most 
sensitive  arrangement  in  use,  any  variation  in  the  working 
conditions  of  the  drill  point  being  readily  felt  by  the  hand  on  the 
lever.     The  table  a  of  the  drill  shown  has  no  vertical  adjustment. 
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but  may  be  swung  about  the  center  of  the  post,  out  of  the 
way  of  the  center  line  of  the  spindle,  so  as  to  allow  long  pieces 
to  be  set  on  the  lower  table  b.  The  lower  table  and  the  lowd 
spindle  head  c  are  both  adjustable  vertically,  thus  allowing 
pieces  of  greatly  varying  lengths  to  be  drilled  in  the  machine. 

20.  Center  Drilling  With 
Sensitive  Drill. — The  sensitive 
drill  is  used  largely  for  center 
drilling  in  shops  where  a  spedal 
machine  for  this  purpose  is  not 
available.  The  funnel-shaped 
piece  d.  Fig.  9,  commonly  called 
a  cup  center,,  is  a  special  device 
for  centering  the  lower  end  of  a 
shaft  that  has  been  cut  off  square. 
The  shank  is  set  in  a  hole  in  the 
center  of  the  lower  table  b,  the 
center  line  of  which  coincides  with 
the  center  line  of  the  spindle. 
The  top  of  the  cup  d  is  made  a 
perfect  internal  cone,  with  its 
axis  in  the  center  of  rotation  of 
the  spindle.  A  ^aft  that  is  set 
in  this  cup  and  is  held  with  its 
center  under  the  drill  at  the 
upper  end  will,  therefore,  be  cor- 
rectly centered. 

21.  Sensitive  Radial 
Drill. — The  larger  sensitive 
radial  drill  has  been  brought  into 
use  to  provide  a  simple  machine 

that  can  be  o|>crated  quickly  and  easily  on  work  too  large  for 
the  sensitive  drill  and  too  small  to  be  done  economically  on  the 
drill  press  or  the  large  radial  drill.  It  is  designed  to  give  the 
required  speed  for  the  smallest  drills  and  to  have  power  and 
stiffness  enough  to  drill  holes  J  inch  in  diameter.  The  form 
shown  in  Fig.  10  consists  of  a  floor  plate  a  that  carries  the 
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column  b  and  the  bracket  to  support  the  driving  pulley  c  and  the 
loose  pulley  d.  The  column  carries  the  radial  arm  e  at  the  top 
and  the  woric  table  /  at  the  middle.  The  rack  g  fits  in  a  slot 
in  the  table  and  is  held  between  shoulders  on  the  column,  so  that 


it  can  swing  around  the  column  with  the  table  but  cannot  move 
up  or  down.  The  radc  meshes  with  a  pinion  on  the  same  shaft 
as  the  worm-wheel  h,  and  when  the  hand  wheel  i  is  turned,  the 
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table  is  raised  or  lowered.  The  handles  ;  are  turned  to  clamp 
the  table  tightly  on  the  column,  and  similar  handles  are  used 
to  clamp  the  radial  arm  to  the  column.  The  drilling  head  k  may 
be  moved  along  the  slide  on  top  of  the  arm  e  and  clamped  at  any 
point.  The  spindle  /  is 
driven  by  belt  or  by  chain 
from  the  shaft  m,  which  is 
connected  by  bevel  gears 
and  shafts  to  the  driving 
pulley.  The  drill-spindle 
arm  «  is  adjustable  ver- 
tically on  the  slide  a.  If 
desired,  the  table  may  be 
swung  to  one  side,  and  the 
work  may  be  secured  to  the 
floor  plate  by  T  bolts  in  the 
slots  shown. 

22.  HlKh-Speed  Sen- 
sitive Drill.— A  high-  . 
speed  sensitive  drill  with 
ball  bearings  on  the  spindle 
is  shown  in  Fig.  11,  The 
driving  shaft  a  carries  the 
tight  and  loose  pulleys  b 
and  c  at  one  end  and  the 
cone  pulley  d  at  the  other. 
This  cone  pulley  has  two 
steps  and  from  it  a  belt 
passes  over  the  adjustable 
guide  pulleys  e  and  /  to  a 
similar  cone  pulley  g  of 
different  size  on  the  spindle 
'''""  "  h.    Thiis,  by  arranging  the 

belt  on  different  pulleys,  foiir  different  speeds  of  the  spindle 
may  be  obtained.  The  pulleys  b  and  c  are  of  slightly  different 
sizes  and  the  loose  pulley  c  is  made  with  one  edge  beveled  out- 
wards to  the  diameter  of  the  tight  pulley.     Thus,  when  the 
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belt  is  nmnjng  on  the  loose  pulley,  it  is  slack,  and  therefore 
does  not  wear  much  or  stretch ;  but  when  it  is  shifted  to  the 
tight  pulley,  it  is  stretched  and  grips  the  pulley,  thiis  insuring 
little  slip  and  good  driving  power.  The  same  construction  is 
used  in  Pig.  10. 


23.  Heavy-Duty  Hl([h-Speed  Drill. — Drilling  machines 
of  the  older  types  could  not  be  used  to  advantage  at  high  speeds 
because  of  the  vibrations  set  up  and  also  because  they  would 
spring  under  the  pressure  of  the  heavy  feeds  when  using  alloy- 
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steel  drills.  The "  heavy-duty  high-speed  drill,  one  form  of 
which  is  shown  in  Fig.  12,  was  designed  to  overcome  these  dis- 
advantages. It  consists  of  a  heavy  cast-iron  frame  a  of  box 
section  bolted  to  a  floor  plate  b.  The  front  of  the  frame  carries 
the  spindle  c,  the  back  gearing,  and  the  gearing  for  driving  and 
feeding  the  spindle.  The  table  d  is  carried  on  a  saddle  e  that 
is  supported  by  the  bracket  /.  This  bracket  may  be  moved  up 
or  down  on  the  slides  g  on  the  column,  and  is  supported  by  a 
screw  jack  k.  The  table  and  the  saddle  may  be  moved  cross- 
wise by  turning  the  screws  i  and  /.  The  machine  is  driven  by  an 
electric  motor  k  through  back  gearing,  so  that  a  wide  range  of 
speeds  may  be  obtained  for  the  spindle.  It  is  therefore  suit- 
able for  a  variety  of  drilling  operations  and  also  for  special 
work,  such  as  milling  and  boring. 


OTHBB    TYPES    OF    DBIUJS 

24.  MulOpIe-Splndle  Drill.— The  tendency  toward 
specialization  has  brought  about  the  use  pf  tools  especially 
designed  to  save  time  and  prevent  error  in  the  duplicating  of 
l>arts.  It  has  been  found  that  in  drilling  a  large  number  of  holes 
in  one  piece,  time  may  be  saved  by  using  multiple*«pindle 
drilling  machines  sometimes  called  gang  drills.  The  term  gang 
drill  is  also  applied  to  the  practice  of  arranging  two  or  more 
similar  single-spindle  drills  side  by  side  so  that  they  are  operated 
as  a  single  machine.  The  multiple-spindle  drill  shown  in 
Fifj,  13  has  six  spindles  in  six  heads  carried  on  a  single  cross- 
rail.  The  spindles  are  driven  from  the  same  shaft  a  by  worms 
and  worm-gears  h,  the  shaft  a  connecting  with  the  driving  cone  g 
through  the  gears  k  and  i.  The  motion  for  the  feed  is  taken  from 
the  shaft  c,  running  in  the  cross-rail,  and  is  transmitted  to  each 
spindle  by  gearing  and  clutches  at  d,  the  feed-shaft  c  being  dri\'en 
from  the  main  shaft  a  by  a  belt  on  the  cone  pulleys  e  and  /, 
which  also  furnish  the  variable  feed. 

25.  The  table  on  the  machine  shown  in  Fig.  13  is  not  mova- 
ble, and  only  work  of  a  moderate  depth  can  be  drilled  in  it. 
This  same  general  type  of  machine  is,  however,  frequently  made 
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with  an  adjustable  table.  The  spindle  heads  can  be  moved 
along  the  cross-rail  and  set  any  distance  apart,  within  the 
range  of  the  machine,  and  any  number  of  holes  from  one  to 


six  may  be  drilled  at  the  same  time.  This  type  of  machine  is 
used  principally  for  plate  work,  structural  iron,  and  other  hght 
work  requiring  a  large  number  o£  holes  in  a  straight  line.  Modi- 
fied fonns  are  used  lai^ely  for  drillii^  locomotive  frames  and 
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bridge  chords,  and  for  tapping  nuts  in  large  numbers  in  bolt 
and  nut  factories. 

26.  Universal  Adjiunable  Spindles. — Multiple-Spindle 
drills  are  frequently  made  with  tmiversal  adjustable  spindles. 
The  tmiversal  joints  allow  the  spindles  to  be  moved  in  and  out 
as  well  as  along  the  cross-rail.    With  this  arrangement,  holes 


that  are  not  in  line  with  one  another  may  be  drilled  at  one 
setting;  or,  if  the  holes  are  to  be  tapped  or  reamed  and  are 
far  enough  apart,  half  of  the  spindles  may  be  equipped  with 
drills  and  the  other  half  with  taps  or  reamers;  so  that  when  the 
holes  are  drilled  the  piece  may  be  moved  to  the  other  set  of 
spindles  and  finished  without  taking  it  off  the  machine.  J^ 
should  always  be  used  in  drilling  with  universal-joint  spindles, 
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as  the  short  lower  bearing  is  liable  to  become  slightly  worn  or 
may  not  be  in  perfect  adjustment,  thus  introducing  inaccuracies, 
A  well-constructed  jig  guides  the  drill  perfectly  and  avoids  this 
danger. 

27.  Vertical  riange-Drllllng  Machine. — ^A  very  useful 
multiple-spindle  drill  is  shown  in  Fig.  14.  The  spindles,  which 
are  arranged  about  the  center  of  the  main  driving  spindle  a, 
are  all  equipped  with  universal  joints,  and  each  one  moves 
independently  of  the  others.  This  enables  the  machine  to  drill 
as  many  holes  as  there  are  spindles.  The  spindles  may  be 
arranged  in  one  or  more  circles  or  set  irregularly,  as  desired, 

28.  The  machine  shown  in  Fig.  14  is  designed  for  drilling 
engine  cylinders,  pipe  flanges,  valve  bodies,  etc.,  but  it  may  be 
used  for  almost  any  work  where  a  regular  or  irregular  grouping 
of  drills  is  desirable.  The  illustration  shows  a  piece  of  flanged 
pipe  clamped  on  the  drill  table  with  j^  attached  and  drills 
inserted,  ready  for  drilling.  The  power  is  transmitted  to  the 
spindles  by  a  spur  gear  on  the  main  spindle  a  and  a  small  pinion 
on  the  upper  end  of  each  of  the  drill  spindles  enclosed  in  the 
upper  part  of  the  head  b.  The  drill  spindles  are  held  vertically 
in  both  the  upper  and  lower  bearings.  The  feed  is  obtained  by 
lowering  the  entire  head  b,  which  maybe  done  either  by  means 
of  the  pilot  wheel  c  or  by  power  by  means  of  a  belt  running  on 
the  cone  pulleys  d  and  e.  The  smaller  machines  usually  have 
the  drilling  head  stationary,  and  the  feed  is  obtained  by  a 
vertical  movement  of  the  work  table. 

29.  Horizontal  Flange-Drilling  Machine. — Multiple- 
spindle  drilling  machines  with  two  heads  set  horizontally  on  a 
long  bed,  intended  especially  for  drilling  the  two  ends  of  engine 
cylinders,  pipes,  etc.,  at  the  same  time,  are  also  in  use.  The 
construction  of  the  heads  is  practically  the  same  as  that  shown 
in  Fig.  14.  the  only  difference  being  that  they  are  placed  hori- 
zontally on  the  bed.  The  work  is  held  on  a  table  between  the 
two  heads. 
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DRILLING-MACHINE  OPERATIONS 


DRILLINO,  REAMING,  AND  TAPPING 


DBILLfNO 
30.  Laying  Out. — In  many  modem  machine  shops',  the 
laying  out  of  all  the  work  is  done  in  a  special  department 
and  the  work  is  sent  to  the  machine  tools  i-eady  for  the  operation. 
For  the  drilling  machine,  the  center  of  the  required  hole  is  first 
punch-marked.  Then  a  circle  having  a  diameter  equal  to  that 
of  the  hole  is  scribed  about  it  and  light  prick-punch  marks  are 
put  at  intervals  about  the  circumference,  as  shown  in  Fig.  15, 
The  diameter  and  character  of  the  hole  are  also 
marked,  usually  with  chalk.  Thus,  the  note 
IV  ^  indicates  that  a  l}-inch  reamed  hole  is 
required. 


lis 


31.    Preparation  for  Drilling. — When  the 

work  reaches  the  drill,  the  operator  enlarges  the 
center  a.  Fig.  15,  with  a  large  center  punch,  to 
form  a  guide  for  the  drill  point  when  beginning  the  cut.  It 
is  practically  impossible  to  start  the  drill  in  the  center  of 
the  hole  without  the  assistance  of  this  deep  center  mark.  The 
piece  is  now  clamped  on  the  table  as  conditions  require.  The 
drill  table  is  then  swung  about  and  adjusted  until  the  center 
mark  stands  exactly  under  the  drill  point,  the  drill  having  been 
run  down  to  make  sure  that  the  point  coincides  with  the  cen- 
ter. The  table  is  then  clamped  to  prevent  any  motion  while 
drilling,  the  machine  is  started,  and  the  drill  is  fed  into  the  work, 

32.  Starting  the  Drill. — When  the  drill  has  commenced 
cutting,  any  unevenness.  or  varying  hardness  of  the  metal, 
or  imperfection  in  the  drill  point,  tends  to  carry  the  point  away 
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from  the  true  center  of  the  hole.  As  the  drill  runs  down,  mak- 
ing a  conical  hole  as  shown  in  Fig.  16,  any  tendency  away  from 
the  center  may  be  observed  by  raising  the  drill  point  slightly  and 
blowing  or  brushing  away  the  chips.  If  the  circle  made  by  the 
drill  is  not  concentric  with  the  circle 
of  punch  marks,  the  drill  has  run 
off  from  the  desired  center,  and 
must  be  brought  back.  A  drawing 
chisel,  shown  in  Fig.  17,  is  used  for 
this  purpose.  This  is  simply  a  nar- 
row round-nosed  chisel  with  which  ^'°-  " 
the  metal  is  cut  away  on  the  side  toward  which  the  drill  point 
is  to  be  drawn,  as  shown  in  Fig.  18.  The  cutting  should  be 
done  quite  near  the  center,  as  a  given  amount  of  metal  removed 
there  will  draw  the  drill  farther  than  when  the  cutting  is  done 
near  the  circumference.  The  drill  is  again  lowered  and  the 
result  is  observed.    If 


J  the  circle  should  not  be 
concentric,  the  chisel  is 
again  used  and  the  drill 
tried ;  this  operation  is 
*■"  "  repeated  until  the  hole 

coincides  exactly  with  the  circle  when  the  drill  has  entered  to  its 
full  diameter.  If  the  drill  has  run  badly  to  one  side  as  when 
striking  a  blow  hole,  it  is  often  necessary  to  chip  from  three  to 
five  cuts  side  by  side  to  get  the  drill  back  concentric  with  the 
circle.  The  punch  marics  are  cut  away  equally  all  around 
the  circumference  when  the  drill  has  been  properly  started. 
The  drill  is  then  fed  through  the  piece,  or  to  the 
desired  depth,  either  by  hand  or  by  power,  and  is 
backed  out  by  hand. 


33.     Advantages  of  Power  Feed. — ^All  drill 
presses  of  the  heavier  types  should  be  so  con-  "' 

strucled  that  either  hand  or  power  feed  may  be  used.  In  light 
work,  enough  pressure  can  be  furnished  by  hand  to  cause  the 
drill  to  cut  to  its  full  capacity,  but  in  the  heavier  work  a 
greater  pressure  is  needed.     It  is  contended  by  some  that  the 
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average  workman  will  accomplish  more  by  feeding  by  band  than 
by  using  a  power  feed,  as  the  tendency  seems  to  be  to  set  the 
feed  at  its  finest  rate,  although  most  drill  presses  are  provided 
with  gearing  that  will  furnish  two  or  more  rates.  This  is  the 
fault  of  the  operator  and  not  of  the  method.  The  power  feed 
should  be  so  set  that  the  drill  will  work  up  to  its  limit,  which  it 
is  impossible  with  a  hand  feed  when  large  drills  are  used. 

34.  The  power  feed  has  several  advantages  over  the  hand 
feed  for  large  sizes  of  drills.  With  careless  hand  feed,  the  drill 
may  run  forwards  as  the  point  emeiges  from  the  material, 
causing  a  rough  hole  and  dam^e  to  the  drill.  The  same 
is  true  when  it  enters  a  blow  hole.  When  drilling  flanges,  the 
drill  frequently  breaks  through  on  one  side,  and,  when  the 
cutting  edges  stand  at  a  certain  ang\e,  the  drill  runs  forwards 
easily  and  the  next  instant  takes  a  heavy  cut  on  one  side 
only.  It  is  evident  that  this  condition  will  sooner  or  later 
result  in  a  damaged  drill.  With  the  power  feed,  alt  this  is 
avoided,  as  the  drill  has  a  fixed  rate  of  advaiice.  When  using 
the  power  feed,  care  must  be  taken  to  see  that  the  drill  is  in 
proper  working  condition. 

35.  Lead  Holes. — If  the  machine  has  not  power  enough  to 
drill  the  full-sized  hole  in  one  operation,  the  hole  should  be 

started  with  a  full-sized  drill,  and  drilled 
0  about  i  inch  deep,  central  with  the  laying- 
^  out  circle.  The  full-sized  drill  should  then  be 
:|  taken  out  and  replaced  by  a  small  drill  having 
■|  a  diameter  equal  to  about  twice  the  width  of 
;  the  scraping  edge  of  the  large  drill.  The 
0  small  drill  should  be  used  to  drill  a  lead  hole 
d  at  the  center  of  the  hole  already  started,  and 
^'°-  '^  should  be  fed  to  the  desired  depth.     It  should 

then  be  replaced  by  the  large  drill  and  the  drilling  of  the  hole 
should  be  completed.  The  lead  hole  removes  the  metal  at  the 
center,  so  that  the  scraping  edse  of  the  large  drill  does  no  cut- 
ting. All  of  the  pressure  and  the  cutting  then  comes  on  the 
cutting  edges.  Sometimes  a  lead  hole  is  drilled  ahead  of  a  drill 
that  is  required  to  cut  exactly  to  its  own  size. 
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36,  Drilling  Deep  Boles. — When  drilling  deep  holes 
through  a  piece  of  work,  it  may  be  necessary  to  go  deeper 
than  the  length  of  the  flutes  in  the  drill  of  the  required  size. 
If  the  hole  is  not  too  deep,  the  drill  may  be  backed  out  and  the 
hole  cleaned  at  short  intervals.  When  the  hole  is  very  deep, 
however,  time  may  be  saved  by  running  the  drill  down  as  far 
as  the  chips  will  discharge,  then  drilling  the  remaining  depth 
with  a  smaller  drill,  making  a  hole  as  shown  in  Fig.  19.  The 
first  drill  is  then  put  back  into  the  machine  and  the  entire  hole 
drilled  to  the  full  size.  The  second  drill  must  be  small  enough 
so  that  the  chips  can  work  out  around  it,  but  must  not  be  so 
small  that  the  chips  made  by  the  larger  drill  that  follows  it 
cannot  drop  out  freely  at  the  bottom.  In  one  instance,  where  a 
Iff-inch  hole  was  drilled  through  26  inches  of  solid  cast  iron, 
a  1 1-inch  drill  was  employed  to  drill  the  small  hole  and  gave  good 
results. 

37.  Drilling  holes  in  solid  stodc  to  form  rifle  and  gun  barrels, 
hollow  spindles,  and  similar  work  is  done  in  special  machines 
of  the  horizontal  type  shown  in  Fig.  20.  The  work  is  held  and 
driven  by  the  chuck  a  on  the  live,  or  rotating,  spindle,  and  the 

outer    end    is  supported    in    the 

steady  rest  b  clamped  to  the  bed. 

The  drill  tip,  or  point,  a,  Fig.  21, 

L  is  secured  to  a  long  holder  having 

I  an  oil  groove  to  match   the  oil 

groove  b  cut  in  the  top.     The  drill 

has  but  one  cutting  edge  c,  and  a 

hole  is  usually  started  for  it  with  a 

short  drill.     Drilling  is  performed 

by  feeding  the  drill  into  the  work 

through   the   rest  c,  Fig.  20.  by 

means  of  the  tail-stock  d.    The  oil 

pipe  e  furnishes  a  constant  supply  of  oil  at  high  pressure, 

which   is   delivered  under  the  cutting  edge  c.  Fig.  21,  and 

escapes  through  the  flute  d,  carrying  the  chips  or  cuttings  with 

it.     The  drill  point  is  ground  in  a  series  of  steps,  to  break  up 

the  chips  and  make  them  easier  to  discharge. 
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38.  I>rllUiig  H<des  to  be  Tapped  for  Pipe. — ^Pipe  taps, 
as  shown  in  Fig.  22  (a),  have  a  standard  taper  c^  f  inch  per  foot. 
The  tapping  holes  tor  pipe  sizes  are  drilled  to  the  size  c^  the 
small  end  of  the  pipe  tap,  which  is  then  run  into  the  hole  to  the 
required  depth  to  give  the  correct  length  of  thread.  If  the  pipe 
tap  is  required  to  take 
out  too  much  stock 
from  the  large  end  of 
the  hole,  it  is 
times  better  to  re- 
move the  surplus 
stock  with  a  taper 
reamer  like  that 
shown  in  (6),  so  that 
all  the  tap  has  to  do 
is  to  cut  the  depth  of 
its  thread.  This 
makes  the  tapping 
process  much  easier. 
Straight  threads  are 
sometimes  required 
on  pipes,  and  the 
parts  into  which  the 
pipes  are  screwed 
are  threaded  with  ^"-^ 

straight  pipe  taps  like  that  shown  in  (c) .  The  strmght  pipe  tap 
has  the  same  number  of  threads  per  inch  as  the  taper  pipe  tap 
of  similar  size;  otherwise,  it  is  simply  a  plug  tap.  Table  I,  at 
the  end  of  this  Section,  gives  the  various  dimensions  of  standard 
pipe  for  steam,  gas,  and  water,  and  shows  the  sizes  of  holes  to  be 
tapped  to  fit  standard  pipe. 
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39.  Methods  of  Reaming. — Reaming  consists  in  Ixuing 
a  hole  by  running  a  reamer  through  it.  The  hole  has  been 
drilled  or  bored,  and  as  it  is  a  matter  of  economy  to  do  as  much 
work  as  possible  at  the  same  setting,  the  reaming  is  done  in  the 
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same  machine  that  was  used  for  the  drilling  or  boring.  The 
machine  reamer  is  made  with  a  shank  that  can  be  used  in  a  drill 
pi^ss,  but  is  run  at  a  slower  speed  than  the  drill  and  is  carefully 
fed  by  hand  or  by  power.  For  very  accurate  work,  the  hand 
reamer  is  used  and  is  operated  by  hand,  but  it  may  be  guided 
by  a  center  in  the  drill  spindle,  as  shown  in  Fig,  23.  The 
reamer  a  Js  turned  with  a  wrench  and  is  followed  up  by  the 
center  b,  which  also  furnishes  the  necessary  pressure  to  give 
the  feed. 

40.  Care  Necessary  In  ReamliiK. — Reaming  should  be 
done  with  the  greatest  care.     Undue  forcing  of  the  reamer, 

any  side  pressure,  or  any  irregular  or  jerk- 
ing motion,  tends  to  injure  both  the  reamer 
and  the  hole.  A  very  steady  and  com- 
paratively slow  motion  with  rapid  feed  gives 
the  best  results.  In  some  cases,  the  weight 
of  the  reamer  and  the  wrench  is  sufficient 
to  furnish  the  feed,  although  saavs  addi- 
tional pressure  is  usually  necessary.  The 
allowance  for  hand  reaming  is  usually  froni  3 
to  5  thousandths  of  an  inch. 

Structural    iron  work  is    often  reamed 
with  portable  drilling  machines.     The  parts 
are  usually  punched  as  closely  as  possible  to 
"°-"  size  and  then  brought  into  position.    The 

holes  do  not  usually  line  very  well,  so  a  bridge  reamer  having  a 
taper  for  a  distance  of  about  Ij  inches  is  placed  in  a  portable 
drill  and  fed  rapidly  through  the  holes.  The  tapered  part  tak«s 
out  the  most  of  the  stock  and  the  parallel  portion  above,  sizes 
the  holes.  The  machine  is  often  suspended  from  a  carrier  rail 
and  counterweighted  to  make  the  work  of  handling  it  easier. 

41.  Rose  Reaming. — Adjoining  parts  must  often  be 
drilled  separately,  especially  when  the  pieces  are  large  or  when 
it  is  impossible  to  drill  a  continuous  hole.  A  case  of  the  second 
kind  is  shown  in  Fij;.  24.  in  which  the  two  flanges  a  and  b  are  to 

•be  drilled  and  joinwi  by  l)o1ts  c.  The  holes  are  first  laid  out,  as 
accurately  as  possible,  on  the  faces  of  both  parts.     Then  the 
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holes  d  in  the  part  a  are  drilled  and  reamed  to  size  with  a  power 
drill.  The  boles  e  in  the  part  b  are  drilled  from  ^  to  f  inch 
smaller  in  diameter  than  the  holes  d.  The  flanges  a  and  b  are 
next  damped  together  accurately  and  the  hcdes  e  are  reamed  to 
size  by  a  rose  reamer  that  is  passed  through  the  holes  d.  The 
rose  reamer  fits  the.  holes  d  accurately  and  is  run  through  by  a 
ratchet.  It  may  be  followed  by  a  hand  reamer  if  a  very  accurate 
hole  is  required.  The  rose  reamer  must  be  fed  much  slower  than 
the  machine  reamer,  as  it  cuts  only  on  the  end,  and  removes  a 
large  amount  of  metal. 

42'.  Hacblne  Reaming. — ^Alter  a  hole  has  been  drilled, 
it  is  reamed  by  replacing  the  drill  with  a  machine  reamer  and 
feeding  the  latter  through  the  hole  at  one  speed  slower  than  the 
drill.    This  one  speed  slower  is  obtained  by  moving  the  belt 


1  Q.  g>.  0^1 


]  gj,  4  cj.! 


to  the  next  smaller  step  on  the  lower  cone  pulley  of  the  drill 
press.  The  cut  of  the  reamer  is  light,  and  the  feed  should  be 
as  fast  as  possible,  to  save  wear  on  the  reamer. 

A  tapered  hole  that  is  to  be  reamed  by  machine  is  first  drilled 
to  the  size  of  the  small  end  of  the  reamer,  which  is  placed  in  the 
spindle  or  the  chuck  and  is  fed  into  the  hole  by  lever  feed,  if 
possible,  or  else  by  hand.  Plenty  of  oil  is  used  during  cutting, 
and  the  reamer  is  withdrawn  and  cleaned  before  the  flutes  fill 
with  chips.  The  cleaning  operation  is  repeated  as  often  as  may 
be  necessary,  until  the  hole  is  reamed  to  the  required  depth  or 
size.  If  the  chips  are  allowed  to  gather  in  the  flutes,  the  reamer 
will  stick  and  be  broken.    

TAPPING 

43.  Forms  of  Tapa  U.sed. — The  forms  of  taps  used 
in  the  drilling  machine  are  the  same  as  those  used  in  handwork. 
The  shank  is  tisually  made  with  a  square  end,  or  of  some  other 
form  adapted  for  chucks  or  sockets.    In  ordinary  machine 
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tapping,  a  taper  tap  gives  the  best  results.  When  the  thread 
runs  through  the  material,  the  tap  is  run  either  entirely  through 
or  until  a  thread  of  the  full  diameter  is  formed.  When  the  hole 
does  not  rim  through  and  the  thread  must  run  as  near  the 
bottom  as  possible,  the  taper  tap  is  used  to  start  the  thread, 
and  is  followed  by  a  plug  tap  and  a  bottoming  tap.  As  in 
reaming,  the  speed  of  the  tapping  spindle  must  be  slow,  and 
after  the  tap  is  started  no  pressure  should  be  put  on  it  by  the 
feeding  device.  The  tap  should  be  perfectly  free  to  take  its 
own  feed. 

44.  Correct  Size  of  Tapping  Hole. — It  is  very  import- 
ant, when  tapping,  that  the  hole  is  so  drilled  that  a  full  thread 
will  be  formed  without  removing  an  excessive  amount  of  metal. 
This  is  done  by  using  a  tap  drill  having  a  diameter  equal  to  the 
diameter  of  the  tap  at  the  bottom  of  its  thread.  When  the  hole 
is  drilled  too  small,  the  tap  is  very  hard  to  start,  and  when  it  is 
started,  the  work  is  so  heavy  that  the  tap  is  often  damaged; 
also,  the  amount  of  time  and  energy  required  is 'far  greater 
than  is  necessary  when  the  hole  is  of  proper  size.  It  is  claimed 
by  some,  however,  that  the  hole  should  be  drilled  latter  for 
cast  iron  than  for  wrought  iron  and  steel,  and  that  a  thread 
about  three-qiiarters  full  in  the  case  of  cast  iron  is  stronger  than 
a  full  thread,  owing  to  the  danger  of  crushing  the  points  of  the 
thread. 

A  hole  that  is  too  large  is  equally  objectionable,  as  the  threads 
lyiU  not  be  of  the  full  depth,  and  will,  therefore,  be  imperfect 
and  weak.  The  tap  runs  very  easily,  however,  when  the  hole 
is  large,  and  for  this  reason  there  is  a  tendency  toward  making 
it  large,  even  at  some  sacrifice  in  the  strength  of  the  thread. 
This  should,  however,  never  be  permitted,  as  the  perfect 
form  of  the  thread  should  be  maintained  under  all  conditions. 
Table  II,  at  the  end  of  this  Section,  gives  the  sizes  of  tap  drills 
to  be  used  for  taps  having  V  threads;  Table  III  gives  the  sizes 
of  tap  drills  for  machine-screw  taps;  and  Table  IV  gives  the 
sizes  of    tap  drills  for  taps  having  United  States  standard 
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45*  Countersinking. — Countersinks  used  for  accurate 
work  are  provided  with  guides  and  have  but  Uttle  clearance  so 
that  they  will  not  chatter.  The  most  ccmunon  form  of  counter- 
sink  has  an  included  angle  of  72°,  and  is  used  for  fat-head 
screws.  It  is  simply  fed  into  the  work  so  that  the  top  of 
the  screw  head  comes  flush  with  the  surface  of  the  wotk.  The 
60^  countersink  is  used  for  center  holes  in  lathe  work.  The 
90^  countersink  is  used  for  valve  seats,  to  remove  sharp  comers 
from  the  ends  of  holes,  and  to  enlai^e  holes  for  riveting.  Other 
angles  are  \]sed  for  special  work. 

46.  Facing. — The  guide  end  of  the  facing  bar  is  well  oiled, 
and  the  cutter  is  fed  car^ully  to  the  cut  until  the  surface  is 
true    or   until    the    required    depth   is 

reached.  If  a  very  heavy  facing  cut  is 
to  be  made,  it  is  customary  to  make  a 
notched  roughing  cutter  remove  most  of 
the  stock  and  to  use  a  finishii^  cutter  to 
complete  the  work. 

47.  Center  Drilling.— The  sensi- 
tive drill  is  largely  used  for  center  drilling. 
The  piece  is  first  pimch-marked  to  lo- 
cate the  center  holes   correctly.    The  ^"^  ^ 
lower  end  is  then  placed  in  a  cup  center  or  on  a  conical  center 
and  a  center  drill  is  used  to  drill  a  clearance  hole  to  a  depth 
somewhat  greater  than  that  of  the  required  reamed  part,     tlie 
piece  is  then  reversed  and  the  other  end  is  drilled.     A  center 
reamer  is  then  substituted  for  the  drill,  the  speed  is  reduced, 
and  the  boles  are  reamed  to  the  required  size,  which  should 
always  be  in  proportion  to  the  size  of  the  work.     Most  work  is 
drilled  and  reamed  at  one  operation  by  the  use  of  a  double  cen- 
ter drill  or  a  combined  drill  and  reamer. 

48.  Countertwrlng. — Suppose  that  the  gib  a,  F^.  25,  is 
to  be  secured  to  the  ^ide  b  by  means  of  J-inch  rotmd-head 
screws  c.     The  holes  are  first  laid  out  on  the  gib,  which  is 
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damped  securely  in  position  on  the  slide.  A  H*in<^h  tap  drill 
is  then  used  to  drill  through  the  gib,  and  all  of  the  holes  are 
drilled- to  the  required  depth  in  the  slide.  The  gib  is  then 
removed  from  the  slide  and  a  head  counterbore  is  substituted 
for  the  drill.  The  guide  of  the  head  counterbore  is  the  same  size 
as  the  tap  drill  and  the  boles  must  be  counterbored  to  the  right 
depth  for  the  screw  heads.  If  flat  fUister-head  screws  are  iised, 
the  counterboring  should  be  so  deep  that  the  top  of  the  screw 
is  even  with  the  surface  of  the  work;  but  the  round  part  of  a 
fi)ister-head  screw  should  project  above  the  work.  The  body 
counterbore,  which  also  has  a  guide  the  size  of  the  tap  drill  and 
a  body  the  size  of  the  screw,  is  next  run  through  the  gib,  so 
that  the  screw  will  slide  freely  through  it.  The  body  counter- 
bore is  then  run  into  the  lower  hole  for  a  distance  equal  to  about 
two  threads,  and  this  leaves  the  hole  ready  for  tappii^. 

49.  Drill-Press  Depth  Indicators. — Where  holes  must 
be  drilled  or  enlarged  to  certain  depths,  stops  or  depth  indicators 
of  various  designs  are  used  on  the  column,  sleeve,  spindle,  or 
sleeve-pinion  shaft  to  indicate  when  the  required  depths  of  cut 
have  been  reached.  If  the  head  on  the  colui^m  is  fed  down- 
wards, a  clamp  with  an  adjusting  screw  is  used  below  the  head. 
The  clamp  is  first  placed  in  position  and  the  adjusting  screw 
is  set  so  that  the  head  can  be  fed  down  to  it,  but  no  farther.  All 
the  other  holes  can-  be  drilled  or  enlarged  only  to  that  depth. 
Some  drills  are  provided  with  a  clamp  and  an  adjusting  screw 
that  can  be  secured  on  the  spindle  sleeve  above  the  arm.  This 
stops  downward  movement  when  the  ad  justii^  screw  reaches  the 
arm.  Sometimes  the  sleeve  is  graduated  or  has  a  steel  rule  so 
placed  that  any  depth  is  indicated  by  the  coincidence  of  lines. 

A  disk  indicator  is  sometimes  put  on  the  feed-pinion  shaft. 
It  consists  of  a  stationary  and  a  rotating  disk,  and  the  latter 
is  graduated  along  the  edge  with  graduations  that  indicate 
thirty-seconds  of  an  inch  of  downward  movement  of  ,the  drill 
spindle.  The  rotating  disk  is  set  with  its  zero  mark  in  line  with 
the  zero  mark  on  the  stationary  disk  and  is  clamped  to  the  feed- 
pinion  shaft.  Then,  as  the  drill  is  fed  downwards,  it  will  turn 
and  indicate  the  depth  of  the  hole. 
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50.  When  drilling  cast  iron  and  brass,  no  lubrication  is 
necessary;  in  fact,  it  retards  the  work  in  the  case'  of  cast  iron. 
Wrought  iron  and  steel,  however,  always  require  lubrication. 
When  tapping,  some  form  of  lubricant  should  be  used  with  all 
metals,  including  cast  iron.  Usually,  the  lubricant  is  dropped 
on  the  cutting  edges  with  ail  ordinary  oil  can ;  but  in  multiple- 
spindle  machines,  and  occasionally  in  single-spindle  machines, 
a  tank,  with  a  tube  leading  to  the  tool,  is  attached  to  the  machine 
frame,  and  the  flow  is  controlled  by  means  of  a  valve  in  the  tube. 
A  small  pump  carries  the  lubricant  fitmi  the  table  of  the  machine 
back  to  the  tank,  thus  providing  a  means  of  using  the  same 
lubricant  over  and  over  again,  and  of  flooding  the  cutting  edges 
withotrt  undue  waste  of  the  lubricating  material.  Table  V, 
at  the  end  of  this  Section,  gives  a  list  of  the  lubricants  to  be  used 
for  different  operations  on  different  materials,  as  suggested  by 
the  Morse  Twist  Drill  and  Machine  Company.  The  mixture 
mentioned  in  this  table  is  made  of  one-third  crude  petroleum 
and  two-thirds  lard  oil;  and  when  oil  is  mentioned,  speim  or 
lard  oil  is  to  be  used,  sperm  being  preferable.  When  two  lubri- 
cants are  mentioned,  the  first  is  preferred.  No  lubricant  is 
used  in  drillir^  and  reanung  aluminum,  but  vaseline  or  kerosene 
may  be  used  as  a  lubricant  when  tapping  this  metal. 


DBILL    OBINDINO 

51.  Hand  Grinding  of  Drills. — When  grinding  a  drill 
by  hand,  it  is  grasped  lightly  in  both  hands,  with  the  palms  up, 
the  right  hand  being  near  the  point  and  the  left  hand  near  the 
shank.  The  back  of  the  right  hand  is  then  rested  on  the  grinder 
rest  and  the  full  length  of  one  cutting  e(^e  is  brought  into  con-, 
tact  with  the  wheel.  The  shank  is  then  lowered,  which  raises 
the  cutting  edge  and  grinds  the  clearance  on  the  drill.  This 
is  repeated  until  the  first  edge  is  sharp.  The  drill  is  then  given 
a  half^tum,  without  changing  the  position  of  the  hands,  and  the 
other  side  is  groimd  in  the  same  manner.  If  the  hands  are  kept 
in  the  same  relative  positions  when  grinding  both  lips,  the 
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angles  will  be  the  same.  These  operations  are  repeated  until  the 
drill  is  sharp.  The  grinding  may  be  tested  by  eye  by  holding  the 
drill  with  the  point  up  and  comparing  the  angles  and  lengths  of 
the  cutting  edges  by  looking  toward  the  light.  Any  difference 
will  be  noticed  readily  after  a  little  experience,  and  may  be 
corrected  by  repeated  grinding. 

52.  Testing  Form  of  Drill  Point.— The  similarity  of  the 
two  cutting  edges  may  be  tested,  when  grinding  the  drill,  in  the 
following  manner ;    The  drill  is  placed  in  the  spindle  and  fed  into 


a  piece  of  scrap  cast  iron  until  it  cuts  the  full  aze  and  the  hole 
is  about  sV  inch  below  the  top  surface.  The  machine  is  then 
stopped  while  the  feed  is  still  on,  so  that  the  chips  will  not  be 
cut  off,  and  the  drill  is  raised.  If  the  cutting  edges  are  alike, 
the  chip  cut  by  each  lip  will  extend  from  the  center  clear  to  the 
circimiference  of  the  hole,  and  the  drill  will  cut  its  own  size. 
If,  however,  one  chip  is  complete  and  the  other  does  not  reach 
the  circumference,  it  shows  that  the  latter  side  of  the  drill  has 
a  shorter  cutting  edge,  and  grinding  should  be  continued  until 
the  chip  is  cut  evenly  to  the  circumference  by  each  lip. 
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53.  The  correctness  of  shape  of  the  point  of  a  twist  drill 
may  also  be  tested  by  a  gauge,  or  a  protractor,  set  at  the  required 
angle,  and  applied  to  the  side  and  edge  of  the  drill,  as  shown  in 
Fig.  26  (a).  By  turning  the  drill  so  as  to  bring  the  protractor 
from  the  edge  a  to  the  heel  b,  the  clearance  angle  may  be  observed, 
and  in  this  way  the  two  sides  may  be  compared.  Another 
method  often  used  is  illustrated  in  (by.  The  point  of  the  drill  is 
set  on  a  £at  surface  and  a  scale  is  held  upright  against  its  side, 
as  shown.  The  heights  of  the  comers  a  from  the  point  are  thus 
measured.  If  the  two  sides  are  alike,  the  drill  is  turned  and  the 
heights  of  the  comers  b  are  measured,  and  if  these  are  the  same, 
the  clearance  angles  are  equal.  The  length  of  the  cutting  edges 
may  also  be  tested  by  applying  a  sted  rule,  as  shown  in  (c),  the 
portion  graduated  to  thirty-seconds  or  sixty-fourths,  being  used. 
Grinding  should  be  reoeated  until  the  two  cutting  edges  measure 
the  same  la:^th- 

54.  Angle  and  Lengtb  of  Scraping  £dge. — The  clear- 
ance angle  determines  the  angle  of  the  line  a  b.  Fig.  27,  represent- 
ing the  scraping  edge.  This  illustration  shows  about  the  correct 
angle.    When  the  angle  is  too  small,  as  in  (6),  the  scrapii^  edge 


is  too  loi^  and  greater  pressure  is  required  to  feed  the  drill. 
I£  the  angle  of  the  scraping  edge  is  too  great,  as  in  (c),  there  is 
no  clearance  at  the  back  of  the  cutting  edges.  It  is  then  almost 
impos^ble  to  feed  the  drill  into  the  work,  and  if  much  pressure 
is  applied,  the  drill  is  Likely  to  split.  The  center  of  the  drill  is 
made  thicker  as  it  approaches  the  shank,  to  strengthen  the  drill, 
and  so,  as  the  drill  is  ground  shorter,  the  length  of  the  scraping 
edge  increases.  When  this  increase  becomes  too  great,  the 
drill  point  should  be  thinned  by  grinding  out  the  flutes  until 
the  point  is  reduced  to  its  original  thickness.  The  shape  of  the 
flutes  should  be  k^t  the  same  as  before. 
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55.  Grinding  Drills  to  Cut  Larger  Holes. — It  is  fre- 
quently necessary  to  fasten  machine  parts  together  by  pins  cut 
from  wire  rods  and  driven  into  holes  drilled  in  the  parts.  It  is 
not  custcnnary  to  fit  the  pins  to  the  holes  but  to  drill  the  holes  to 
£t  the  size  of  wire  available.  This  is  done  by  selecting  a  drill 
usually  slightly  smaller  than  the  wire  and  grinding  it  with  one 
cuttii^  edge  longer  than  the  other,  so  that  it  will  cut  enough 
larger  than  its  size  to  allow  the  pins  to  be  driven  in  with  the 
required  degree  of  tightness.  If  care  is  taken  in  grindit^  drills, 
both  driving  and  loose  fits  may  easily  be  provided  for  by  r^rind- 
ing  the  same  drill.  

VBJLLtNQ  JIOS  AND  FIXTURES 


DBILLINO    JIOS 

66.    Drilling  Duplicate  Pieces. — Duplicate  pieces  may 

be  drilled  by  the  use  of  drilling  jigs.    A  drilling  Jig  is  a  device 

that  may  be  temporarily  attached  to  the  work,  to  act  as  a  guide 

for  the  drill  in  any  desired  position.    The  drill  is  guided  by  steel 

bushings  placed  over  the  positions 

of  the  required  holes.    In  this  way 

a  large  amount  of  time  otherwise 

devoted   to   laying   out   may   be 

saved,  and  when  the  j^  is  well 

made,  a  degree  of  accuracy  may 

be  attained  that  is  impossible  by 

any  other  means.     The  economy  of  such  a  device  depends  on 

the  number  of  pieces  to  be  drilled  and  the  cost  of  the  jig. 

57.  Construction  of  Drilling  Jig. — The  body  of  the  jig 
is  usually  made  of  cast  iron,  but  in  order  to  prevent  undue 
wear  of  the  holes,  hardened-steel  bushings  that  fit  both  the  jig 
and  the  drill  snugly  are  inserted.  These  bushings  are  generally 
made  with  a  shoulder,  as  shown  in  Fig.  28,  and  with  the  inner 
comer  rounded,  to  avroid  damage  to  the  drill  when  entering. 
When  jigs  are  used  from  both  sides,  the  bushings  are  set  as  in 
Fig.  29,  the  inside  comers  being  rounded  on  both  ends. 
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When  drilling  two  adjacent  parts,  as,  for  instance,  the  flange 
and  the  head  of  a  cylinder,  the  head  may  be  drilled  first,  and 
may  then  be  used  as  a  jig  for  drilling  the  cylinder,  or  as  a  templet 
for  marking  the  holes.     When  a  large 
niunber  of  duphcates  are  to  be  made, 
however,  it  is  better  to  use  a  jig  for 
both  the  cylinder  and  the  head. 

58.  Jig  for  Drilling   Flanges 

With  Regularly  Spaced  Holes.— In  ''"'■  ^ 

Fig.  30  is  illustrated  a  flange  a  and  a  jig  b  of  the  form  that  is  very 
generally  used  for  this  class  of  work.  A  hp  c  on  the  circumfer- 
ence of  the  jig  fits  the  flange  and  holds  the  jig  central.  When 
the  jig  is  in  the  desired  position,  a  clamp  is  appUed  to  keep  it  in 
place  while  the  drilling 

„^ r,™,«r'Bhw,    is    being   done.     When 

the  adjoining  flange  or 
head  is  of  the  same 
diameter  and  the  boles 
are  equally  spaced  on 
the  same  circle,  it  may 
be  drilled  with  the  same 
jig,  by  merely  turning  the  jig  over,  and  the  holes  will  be  in  line 
when  the  two  parts  are  put  together. 

59.  Jig  for  Drilling  Flanges  With  Irregularly  Spaced 
Holes. — When  the  holes  are  not  regularly  si>aced,  they  cannot 
be  drilled  to  match  by 
turning  the  j^  over ;  con- 
sequently, it  is  necessary 
to  make  the  jig  with  a 
lip  on  each  side  and  with  . 
bushings  set  in.  as  shown 
in  Pig.  31,  so  that  each 
side  of  the  jig  will  fit  one  '-^ ^— ' 

of  the  adjacent  flanges.  ^"^  ^' 

When  the  flange  a  is  drilled  with  the  side  a'  of  the  jig  against  it, 
and  the  flange  b  with  the  side  b'  against  it,  the  holes  in  the  two 
flanges  will  match  however  irregularly  they  may  be  located. 
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60.    Bxampleof  Drilling  With  Jig. — A  jig  fordiiUing  the 
hub  and  hub  plate  of  a  locomotwe  wheel,  in  which  the  holes 


are  not  regularly  spaced,  is  shown  mounted  on  a  drillijig-machine 
table  in  F^.  32.  The  plate  a  is  supported  on  parallels  b  resting 
on  the  table  c.  The  jig  d  has  a  lip  e  on  each  side,  to  fit  the  bores 
of  both  the  plate  and  the  wheel.  The  set-in  bushings  are  shown 
at  g.    A  single  clamp  /  holds  both  jig  and  plate  in  place. 

61.    Outside  and  Inside  Jig. — A  jig  used  in  drilling  two 
parts,  one  of  which  has  a  projection  a  that  must  fit  into  a  bored 
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hole  b  on  the  other,  is  shown  in  Fig.  33  (a).    The  jig  is  made 
with  a  counterbore  c  on  one  side,  which  will  fit  the  projection  a. 
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and  a  projection  d  on  the  other  side  to  fit  the  bore  b.  This  same 
arrangement  may  be  used  when  drilling  parts  of  different  sizes, 
as,  for  instance,  a  manhole  and  its  cover,  as  shown  in  (b). 

62.  Jigs  for  Irregular  Stirfaces. — The  jigs  shown 
thus  far  are  intended  for  circular  pieces,  but  the  principle 
involved  may  be  applied  to  pieces  of  any  form,  with  either 
regular  or  irregular  surfaces.  Fig.  34  shows  a  right-hand 
and  left-hand  jig  used  when  drilling  parts  of  the  saddles  of  a 
vertical  boring  mill.  One  of  the  pieces  is  shown  at  a,  and  a 
number  of  them  are  piled  up  at  6.  A  right-hand  piece  c  and  a 
left-hand  piece  d  are  bolted  on  the  Soor  plate  of  a  radial  drill, 


with  the  jigs  in  place  ready  for  drilling.  All  the  holes  in  the  two 
pieces  are  drilled  without  moving  either  piece.  The  upper 
surface  of  the  saddle  being  uneven,  several  holes  are  required 
on  the  level  e,  and  others  on  the  level/.  The  illustration  shows 
how  the  jig  is  formed  to  fit  the  imeven  surfaces. 

63.  Drill  and  Reamer  Bushings. — Many  holes  drilled 
by  the  use  of  jigs  require  reaming  at  the  same  time,  in  which  case 
different  forms  of  bushings  are  used.  The  body  of  the  jig  is 
made  of  cast  iron,  as  usual,  but  the  bushings,  instead  of  beii^ 
forced  into  their  seats,  are  made  so  that  they  may  be  set  in  with 
the  fingers.    Each  is  a  tight  sliding  fit  and  is  prevented  from 
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turning  with  the  drill  by  cutting  a  anall  key  seat  in  the  jig  bcxly, 
as  in  Pig.  35  (a),  and  putting  a  fan  a  in  the  bushing  so  that  it 
enters  the  key  seat  whai  the  bushing  is  in  place.  The  under 
side  of  the  flange  of  the  bushing  is  cut  away  at  one  point,  as 
shown  at  b.  so  that  a  screw  dri\*er  can  be  used  to  pr>-  out  the 
bushing  when  a  change  is  to  be  made. 

When  a  hole  is  to  be  drilled  and  roamed  by  the  use  of  a  jig, 
the  drill  bushing  is  put  in  the  jig  and  a  drill  ^  inch  small  is 
used  to  drill  the  hole.    The  drill  bushing  is  then  replaced  by  the 


full-sized  reamer  bushing,  the  speed  is  reduced,  and  the  r 
is  run  through,  which  completes  the  bole. 

A  pair  of  bushings  suitable  for  drilling  and  reaming  a  }-inch 
hole  are  shown  in  Fig.  35  (a)  and  (6).  The  drill  for  the  hole  is 
JJ  inch  in  diameter,  and  the  reamer  bushing  has  a  5-inch  hole 
through  which  the  J-inch  reamer  passes  freely.  If  holes  are 
completed  by  drilling,  the  bushings  are  tight  in  their  seats,  and 
are  made  to  the  full  size  of  the  finished  hole. 


DBILLING    AND    BEAHING    LOCOUOTtVE    CONNECTINO^ttODB 

64.  ^Ticn  drilling  and  reaming  the  ends  of  locomotive  con- 
necting-rods and  similar  work,  a  machine  with  two  heads 
5up]x)rted  on  a  common  cross-rail,  so  that  the  spindles  may 
be  set  at  any  position  along  the  cross-rail,  is  frequently  employed. 
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Fig.  36  shows  the  table  of  such  a  machine  with  bl  connect- 
ing-rod a  fastened  upon  it.  The  one  spindle  is  fitted  with  a 
drill  b  to  form  a  guide 
hole  for  the  pin  /  of  the 
annular  cutter,  and  the 
other  spindle  is  equipped 
with  an  annular  cutter  c, 
with  two  tools  e  to  re- 
move the  body  of  the 
metal  from  the  hole,  the 
hole  having  previously 
been  formed  for  the  cen- 
ter pin  /.  The  hole 
formed  by  the  annular 
cutter  is  finished  with 
the  reamer  d,  which  is  of 
the  inserted-tooth  type. 
The  holes  in  the  reamer 
are  made  simply  to  re- 
duce the  we^ht.  The 
piece  is  held  on  the  table 
by  two  clamps  g  and  h, 
the  end  i  being  laid  flat 
on  the  surface  and  the 
end  /  resting  on  a  par- 
allel k,  which  is  equal  in 
thickness  to  the  vertical 
distance  between  the 
two  lower  faces. 

65.  Circular  paral- 
lels /,  Fig.  36.  of  different 
thicknesses  are  often 
used  when  blocking  up 
the  ends  of  the  rod,  each 
size  of  rod  having  its 
own  set  of  parallels.  The  inside  diameter  of  the  parallel  is 
greater  than  the  diameter  of  the  corresponding  bole  in  the  rod. 
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FIXTUBE8    POB    8UPPOBTINO    AND    BOTATINO    WOBK 

66.  V  Supports. — ^A  very  useful  device  for  diiUing  rolls 
is  shown  jn  Fig.  37.  Two  pedestals  a  of  suitable  height  are 
placed  on  the  base  of  the  drilling  machine  at  a  sufficient  distance 
apart  to  accommodate  the  woric  to  be  drilled.  Two  V-shaped 
bearit^s  b  are  placed  on  the  pedestals,  and  are  so  lined  up  that 
the  center  of  a  shaft  lying  on  them  will  Ue  in  the  center  lines 


of  the  drill  spindles.  The  drills  will,  therefore,  always  drill 
radial  holes  in  a  cyhnder  whose  shaft  rests  on  these  Vs.  It  is 
necessary  to  lay  out  the  holes,  place  the  shaft  of  the  cylinder 
on  the  pedestals,  and  adjust  the  drill  spindles  to  the  right  dis- 
tance apart,  and  drill  in  circles  about  the  cylinder,  as  indicated 
by  the  rows  of  hok-s  shown,  the  cylinder  being  turned  on  the 
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Vs  until  each  successive  set  of  holes  conies  under  the  drills. 
The  cylinder  is  kept  from  working  endwise  by  the  bar  c,  which 
is  set  against  the  hub  and  clamped  to  the  pedestal.  The  cylin- 
der shown  in  this  illustration  is  a  crushing  roll  for  anthracite. 
When  the  holes  are  drilled,  they  must  be  reamed  before  the  teeth 
are  inserted. 

67.    Roller  Supports. — A  roll  set  up  ready  for  reaming 
in  a  radial  drill  is  shown  in  Fig.  38.    It  is  supported  on  four 


rollers  a,  hdd  in  two  &ames  d,  one  at  each  end  of  the  roll. 
The  first  row  of  holes  is  adjusted  vertically  above  the  axis 
of  the  roll  by  means  of  a  surface  gauge,  with  which  a  set  of 
holes  on  opposite  sides  of  the  center  are  brought  an  equal 
distance  from  the  floor.  When  this  adjustment  has  been 
made,  a  pin  b  is  inserted  in  a  hole  at  about  the  height  of  the 
center  line,  and  a  block  c  is  so  fitted  that  the  pin  rests  on  it. 
This  acts  as  a  stop  to  prevent  the  roll  from  turning.  When 
one  row  of  holes  is  reamed,  the  pin  is  moved  down  one  row 
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and  then  brought  up  by  turning  the  roll  until  it  ^ain  rests 
on  the  block,  thus  furnishing  a  very  simple  means  ior  adjusting 
each  successive  row, 

68.  Heavy  Centers. — ^The  device  shown  in  Fig.  39  is  very 
good  for  holding  heavy  parts  with  circular  ends,  such  as  pump 
chambers,  under  a  radial  drill.  Two  uprights  a  and  two 
cones  b  provided  with  roller  bearings,  support  the  work,  the 
cones  entering  the  ends  of  the  work,  as  shown.  A  rod  c  pass- 
ing through  the  center  of  the  cones  and  the  casting  keeps  the 
uprights  from  spreading.  The  piece  is  set  in  the  correct  posi- 
tion for  drilling  one  set  of  flanges,  the  tie-rod  c  is  tightened,  and 


all  the  holes  in  this  plane  are  then  drilled.  The  rod  is  then 
loosened  slightly  and  the  piece  is  turned  until  another  face  comes 
into  ix)sition,  when  it  is  again  tightened,  and  the  drilling  on  this 
face  is  performed.  This  operation  is  repeated  imtil  all  the 
holes  are  drilled.  The  rollers  in  the  hub  d  reduce  the  friction 
of  the  bearings  so  that  heavy  pieces  may  be  turned  easily. 
When  any  regular  series  of  spaces  is  required,  a  special  index 
may  be  attached  at  one  end,  to  facilitate  the  setting. 

fi9.  l>oiiblc  Ftice  Plate. — A  double  face  plate  to  support 
work  that  has  fac<«l  circular  flanges  with  regularly  spaced  bolt 
holts  is  shown  in  Fig.  40.  Two  face  plates  a  and  6  are  sup- 
ported by  a  bearing  on  each  side  of  the  bracket  c,  which  may  be 
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clamped  on  the  floor  plate  of  a  drilling  machine.  The  flanged 
piece  d,  which  is  to  be  drilled  and  faced  at  e,  f,  and  g,  and  at 
corresponding  points  opposite  e  and  /,  is  attached  to  the  face 
plate  by  three  arms  h,  bolted  to  the  plate  by  bolts  i,  and  to  the 
flanges  by  bolts  ;'.  The  face  plates  are  rotated  to  the  right 
position  for  drilling,  where  they  are  held  in  place  by  the  latch  k, 
which  enters  notches  in  the  plates.  By  placing  notches  at 
proper  points,  holes  may  be  drilled  at  any  angle.  In  the  piece 
shown,  the  holes  are  drilled  at  i^ht  aisles  to  each  other,  and 
the  face  plates  are  held  in  position  by  the  notches  at  k  and  /. 
The  plates  are  rotated  by  bars  inserted  in  a  series  of  holes  m, 
n,  o,  etc.  about  the  drcum- 
ferenoe. 

70.  Only  cme  piece  is 
shown  attached  to  the 
plate  a.  Pig.  40.  In  doing 
work,  ordinarily,  another 
piece  is  attached  to  the 
plate  b,  thereby  balancing 
the  device  so  as  to  prevent 
springing  of  the  bracket  c, 
or  cramping  while  turning 
to  a  new  position.  This 
also  permits  twice  as  many  ^"'  *" 

holes  to  be  drilled  without  moving  the  face  plate  as  when  only 
one  piece  is  attached,  and  the  service  of  the  power  crane  is 
required  only  one-half  as  often.  The  face  plates  may  be 
made  to  take  pieces  of  various  sizes  by  moving  the  arms  k 
to  suitable  positions.  A  series  of  holes  r  for  the  bolts  i  are 
provided,  in  the  face  plates  shown,  to  accommodate  pieces 
of  different  sizes.  A  lai^e  variety  of  work  may  be  supported 
in  this  way  by  means  of  suitable  arms.  A  key  s  under 
each  arm,  which  fits  into  a  corresponding  keyway,  as  shown 
at  i.  together  with  the  bolt  i,  locates  the  arm  positively. 
When  the  piece  is  out  of  balance  so  much  as  to  prevent 
it  from  turning,  counterweights  may  be  attached  to  the  face 
plates. 
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71.  Trunnion  Supports. — ^A  trunnion  fixture  for  drilling 
duplex  pump  cylinders  is  shown  in  Fig.  41.  The  cylinders  a 
and  b  are  held  by  means  of  two  plates  c,  which,  on  one  side, 
have  projections  entering  the  ends  of  the  cylinders,  and,  on 
the  other  side,  trunnions  d  that  rest  on  V's  on  the  uprights  e 
of  the  frame  of  the'  fixture.  Bolts  /  hold  the  plates  c  in  place 
and  form  guides  for  the  jig  g,  by  means  of  which  holes  are 
drilled  in  the  hubs  k  and  i.  When  the  fixture  is  in  position  for 
drilling,  the  trunnions  are  fastened  by  the  clamps  n. 

72.  The  bushing  ;  and  the  drill  k,  Fig.  41,  are  shown  in 
place,  ready  to  drill  the  hole.    The  hub  t  is  supported  on  the 


lower  side  by  a  piece  of  pipe  /.  When  both  the  hubs  h  and  * 
are  drilled,  the  jig  g  is  moved  away  from  the  hubs  in  the  direc- 
tion of  the  arrow  m,  and  the  ends  of  the  hubs  are  faced  with 
a  double-end  cutter.  The  clamp  «  is  then  loosened  and  the 
cylinders  are  turned  on  the  trunnions  d  to  the  next  position 
to  be  drilled.  The  four  holes  o  are  drilled  with  the  jig  p,  which 
is  lying  on  the  floor,  while  the  four  holes  q  are  drilled  with  the 
jig  5  attached  as  shown.  These  cylinders  have  holes  to  be 
drilled  on  foiu'  sides,  and  must  be  set  in  as  many  positions. 
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When  the  piece  is  once  set  up  for  one  position,  it  is  a  simple 
matter  to  move  it  to  any  of  the  other  positions.    Screw  jacks  r 


are  used  in  adjusting  and  holding  the  work.     The  piece  may 
be  set  in  positicoi  by  means  of  a  square  or  level. 

73.  Heavy  Drilling  Operation.— Parts  that  are  too 
heavy  to  be  machined  in  ordinary  stationary  machine  tools 
are  now  met  with  quite  commonly  in  machine  shops.    This 
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has  led  to  the  use  c^  large  cast-iron  floors  on  which  the  work  is 
placed,  and  pKirtable  machine  tools  that  may  be  carried  to  the 
floor  and  set  up  in  any  position  to  accommodate  the  work. 
Fig.  42  illustrates  a  case  where  a  135-ton  flywheel  was  to  be 
drilled  at  intervals  along  the  rim  for  the  purpose  of  joining 
the  sections  in  which  it  was  cast.  The  separate  parts  were 
machined  and  fitted  together;  but  to  make  the  joints,  several 
2-inch  holes  had  to  be  drilled  through  26  inches  of  soUd  metal. 
An  ordinary  radial  drill  was  lifted  from  its  base  and  set  on  the 
rim,  as  shown.  When  the  holes  at  one  joint  were  drilled,  it 
was  moved  to  the  next  joint  and  the  operation  was  repeated, 
until  all  the  joints  were  completed.  A  rope  drive  was  used  in 
transmitting  the  power  to  the  drill.  The  idlers  were  attached 
at  the  center  of  the  wheel,  thereby  making  it  possible  to  move 
the  machine  to  any  point  on  the  rim  without  changing  the 
length  of  the  rope.  ___^^ 


74.  It  is  not  practicable  to  give  rules  or  tables  showing  the 
cutting  speeds  and  feeds  to  be  used  in  drilling,  because  there  are 
too  many  variable  conditi(uis  to  be  considered.  The  rate  of 
cutting  will  depend  on  the  material  being  drilled,  its  degree 
of  hardness,  the  stiffness  of  the  machine,  the  quality  of  the  steel 
of  which  the  drills  axe  made,  and  the  sharpness  of  the  drills. 
Also,  there  are  some  operators  who  prefer  to  use  a  high  speed  and 
a  slow  feed,  whereas,  others  prefer  to  use  a  slow  speed  and  a 
rapid  feed.  As  a  consequence,  the  experience  and  judgment 
of  the  operator  must  determine  the  speed  and  feed  required 
to  produce  the  most  economical  results. 

75.  One  company  manufacturing  twist  drills  recommends 
an  average  feed  of  from  .004  to  .007  inch  per  revolution  for 
drills  up  to  and  including  \  inch  in  diameter,  and  from  .007  to 
,015  inch  per  revolution  for  larger  sizes.  These  feeds  are  for 
carbon-steel  drills  and  are  based  on  cutting  speeds  of  30  feet  per 
minute  for  steel  and  wrought  iron,  35  feet  per  minute  for  cast 
iron,  and  60  feet  per  minute  for  brass.  The  speeds  of  different 
sizes  of  drills  for  steel,  iron,  and  brass  are  shown  in  Table  VI, 
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at  the  end  of  this  Section.  If  alloy-steel  drills  are  used,  the 
feeds  may  be  kept  the  same,  but  the  speeds  may  be  doubled, 
or  even  trebled.  The  highest  speeds,  however,  should  be 
reached  by  gradual  stages.  It  shoiold  be  clearly  understood  that 
the  foregoing  speeds  and  feeds  are  for  average  conditions  only. 
Id  some  cases  they  may  be  exceeded,  and  in  other  cases  they 
may  have  to  be  reduced.  If  the  comers  of  the  cutting  lips  of  a 
drill  wear  away  rapidly,  the  speed  should  be  reduced;  and  if  the 
drill  chips  or  breaks  at  the  cutting  edges,  the  feed  should  be 
reduced. 

76.  The  speeds  and  feeds  that  can  be  used  for  drills  of  car- 
bon steel  and  alloy  steel,  as  suggested  by  one  manufacturer, 
are  given  in  Tables  VII  and  Vlll.  They  were  obtained  by  a 
special  committee  that  worked  for  more  than  2  years  in  testing 
various  sizes  of  drills  at  different  speeds  and  feeds  to  determine 
the  most  efficient  conditions.  These  feeds  and  speeds  are  much 
higher  than  have  been  suggested  heretofore,  and  should  be 
taken  as  maximum  values.  They  cannot  be  used  with  safety  or 
economy  for  ordinary  drilling  machines,  but  are  intended  for 
high-speed  ball-bearing  machines  of  stiff  and  heavy  construc- 
tion. It  may  be  seen  that  the  cutting  speed  with  high-speed 
drills  is  double  that  with  carbon-steel  drills. 

77.  Experiments  made  by  the  Bickford  Drill  Company 
and  others  show  that,  with  drilling  machines  of  stiff  design, 
heavier  feeds  and  speeds  may  be  used  than  are  usually  employed, 
and  that  the  breaking  of  drills  has  been  due  largely  to  springing 
of  the  drilling  machine.  It  must  not  be  inferred,  however,  that 
these  Giperimental  feeds  can  be  used  in  ordinary  machines,  as 
extraordinary  stiffness  in  the  horizontal  arm  and  vertical 
column  is  required  to  use  them  successfully.  Even  with  such 
machines  it  is  not  always  possible  to  use  them  in  ordinary 
practice,  and  it  is  probable  that  slightly  lighter  feeds  may  be 
established  for  general  use  with  machines  of  strong  design. 

The  results  of  these  experiments  are  given  in  Tables  IX  to 
XI,  and  they  will  suggest  approximately  the  feeds  that  can 
safely  be  taken  in  machine  tools  of  great  stiffness.  Many  drills 
were  tested  to  destruction  in  ordinary  cast  iron,  and  some  tests 
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were  made  in  machinery  steel  with  larger  drills,  but  very  few 
broke.  Table  IX  gives  the  feeds  used  in  ordinary  cast  iron 
without  the  least  injury  to  the  drills.  Table  X  gives  the  feeds 
at  which  the  drills  broke,  and  Table  XI  gives  the  speeds  at  which 
the  drills  were  nrn. 
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TABLE  n 

TAP    DBILUI    FOB    TAPS    WITH    V    THREADS 

(From  Morse  Twist  DriU  and  Machine  Company) 
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A 
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TABLE  ni 

TAP    DBIU£    FOB    HACHINB-8CBEW    TAPS 

IFrom  Morse  Twist  Drill  and  Machine  Company) 


Sue  of 

Number 

Si2eof 

Number 

Size  of 

Number 
or  letter 
OfDriU 

Tup 

of  Drill 

Tap 

ofDriU 

T.p 

2X48 

50 

9X30 

27 

17X16 

6 

2X56 

49 

9X32 

25 

17X18 

2 

2X64 

48 

10X24 

17X20 

2 

3X40 

47 

10X30 

18X16 

2 

3X48 

45 

10X32 

18X18 

1 

3X56 

44 

11X24 

18X20 

B 

4X32 

43 

11X28 

,j 

19X16 

A 

4X36 

42 

11X30 

19X18 

C 

4X40 

41 

12X20 

19X20 

D 

5X30 

40 

12X22 

20X16 

D 

5X32 

40 

12X24 

20X1S 

F 

5X36 

38 

12X28 

20X20 

H 

5X40 

37 

13X20 

22X16 

J 

6X30 

35 

13X22 

22X18 

L 

6X32 

35 

13X24 

24X14 

M 

6X36 

33 

14X20 

24X16 

N 

6X40 

32 

14X22 

24X18 

0 

7X28 

3! 

14X24 

26X14 

0 

7X30 

31 

15X18 

10 

26X16 

P 

7X32 

30 

15X20 

8 

28X14 

R 

8X24 

30 

15X22 

6 

28X16 

S 

8X30 

30 

15X24 

5 

30X14 

u 

SX32 

29 

16X16 

7 

30X16 

V 

9X24 

29 

16X18 

6 

9X28 

.  28 

16X20 

5 

Note.— For  steel  work  u 


s  larger  than  listed. 
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TABLE  V 

LUBBICANT8    FDK    DBILLINQ,    SEAHINO,    AND    TAPPING 

{From  Morse  Twist  Dnli  and  Machine  Company) 


Material 

DriUing 

Reaming 

Tnppine 

Tool  Steel 

Oil 

LardoU 

Oil 

Soft  steel 

OU  or  soda 

Lani  oil 

Oil 

Wrought  iron 

Oil  or  soda 

Lard  oil 

Oil 

Cast  iron 

Dt7 

Dry 

Oil 

Brass 

Dry 

Dry 

Oil 

Copper 

oa 

Mixture 

Oil 

Babbitt 

Dry 

Dryer 
kerosene 

Oil 

Glass 

Turpentine 
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TABLE  VI 
SPEEDS   AND   FEEDS   FOB   CAKB0N-8TBEL   DBIUfi 

(From  Clevdand  Twist  Drill  Company) 


Materials 

Materials 

eterof 
DriU 

Soft 

Iron 

Brass 

eterof 
Drill 

Soft 
Steel 

Iron 

Brass 

Revolu 

tions  per 

Minute 

Revolutions  per 

Minute 

A 

1.SJ4 

2,128 

3.648 

lA 

108 

"25 

2>5 

J 

912 

1,064 

■  .824 

.* 

102 

118 

203 

A 

608 

710 

1,216 

lA 

96 

112 

192 

1 

456 

532 

912 

>i 

91 

106 

182 

A 

365 

425 

730 

.A 

87 

101 

174 

1 

304 

355 

608 

■* 

83 

97 

165 

■A 

26o 

304 

520 

.A 

80 

93 

159 

J 

2j8 

266 

4,'i6 

■4 

76 

89 

152 

A 

203 

236 

405 

.A 

73 

85 

145 

i 

182 

2 13 

365 

i| 

70 

82 

140 

H 

166 

■94 

33S 

,U 

68 

79- 

"35 

i 

152 

177 

304 

■i 

6,s 

76 

"30 

H 

140 

164 

280 

iti 

63 

73 

"25 

i 

130 

■5' 

260 

1* 

60 

71 

122 

H 

122 

142 

243 

irt 

59 

69 

118 

I 

114 

133 

328 

^ 

57 

67 

"14 
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TABLE  Vn 

FEEDS    AND    SPEEOe    FOB    CARBON-ffTEiai    DBIUJ9 

(Ccpyrigkled  by  Henry  &  Wright  Martufactaring  Company  and  used  by 
permission) 


Feed 

Matcn>DC 

beDriUal 

Duun- 

Inchn 

Brass 

An- 

s 

^ 

Drop 

Mails- 

St«l 

s 

Cuttios  Speed,  in 

Pert  per  MinuU 

». 

" 

.\. 

30            4S 

„ 

. 

Minute  of  Drill 
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LATHE  WORK 


LATHES  AND  LATHE  ATTACHMENTS 


ENGINE  I4ATHE 


PVSP08B    AND    COKSntDCnON 

1,  A  lathe  is  a  machine  used  ordinarily  for  turning  cylin- 
drical, conical,  and  flat  surfaces,  although  it  may  also  be  used 
for  boring,  that  is,  producing  cylindrical  or  conical  holes.  The 
work  to  be  turned  or  bored  is  held  between  centers,  in  a  chuck,  or 
on  a  face  plate;  or  it  may  be  secured  to  the  carriage  or  the  bed 
of  the  lathe.  The  cutting  is  done  by  one  or  more  tools  held 
in  the  tool  post  or  holder,  when  the  lathe  is  used  for  turning. 
When  the  lathe  is  used  for  drilling,  the  tool  is  held  in  one  of  the 
spindles;  when  it  is  used  for  boring,  the  tool  is  held  in  a  bar 
between  the  centers.  By  the  use  of  various  attachments  the 
lathe  may  be  employed  for  such  operations  as  tapping,  reaming, 
forming,  and  threading. 

3.  Natore  of  Engine  lathe. — Probably  a  greater  variety 
of  shop  work  is  done  on  the  lathe  than  on  any  other  machine. 
For  this  reason,  lathes  are  divided  into  different  sizes  and  classes, 
each  of  which  is  designed  to  operate  on  a  particular  class  of 
work.  The  chief  among  these,  and  the  one  with  which  the 
workman  first  becomes  familiar,  is  the  engine  lathe;  and  as  it 
includes  all  the  main  features  of  lathes  used  for  turning  metal,  it 
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will  be  considered  first.  If  its  construction  and  operation  are 
thoroughly  understood,  the  action  of  any  other  class  of  lathe  will 
easily  be  mastered.     The  three  main  featured  of  the  engine 


lathe  are  that  it  is  driven  by  some  other  power  than  foot-power, 
the  cutting  tool  is  moved  by  some  form  of  feed-mechanism,  and 
a  lead  screw  is  used  for  cutting  screw  threads. 
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3*  Ualn  Parts  of  Lathe. — An  engine  lathe  is  shown  in 
Fig.  1.  The  bed  A  carries  on  its  top  the  fixed  headstock  B, 
the  movable  tailstock  C,  and  the  saddle  D,  the  whole  being 
supported  by  the  le^  E,  The  saddle  has  an  apron  F  attached 
at  the  front,  and  carries  the  cutting  tool  in  a  holder  on  its  top. 
The/ saddleand  the  apron  may  be  moved  lengthwise  along  the 
bed  by  gearing  at  the  back  of  the  apron.  The  work  to  be 
turned  is  held  between  the  live  center  1  and  the  dead  center  g 
or  in  a  chuck  on  the  live  spindle.  A  belt  on  the  cone  pulley  S 
drives  the  gear  4,  and  thus  turns  the  live  spindle  in  which  the 
live  center  1  is  fixed.  The  work  is  thus  caused  to  rotate.  If  the 
bade  gear  S  is  thrown  into  action  by  pulling  the  handle  8  for- 
wards, and  disconnecting  the  spindle  gear  4  from  the  cone,  the 
work  is  rotated  more  slowly,  but  a  heavier  cut  may  be  taken. 
If  desired,  work  may  be  fastened  to  a  larger  face  plate  used  in 
place  ol  the  face  plate  7;  this  larger  face  plate  also  rotates  with 
the  spindle. 

4.  At  the  back  end  of  the  headstock,  Pig.  1,  there  is  a  stud  5 
on  which  is  a-  cone  pulley  9  that  may  be  connected  by  belt 
to  a  similar  Ottie  Won  the  feed-rod  11,  thus  turning  the  feed-rod. 
The  gears  IS,  IS,  and  14  are  used  to  drive  the  lead  screw  15. 
which  rmoves  the  canine  when  threads  are  beii^  cut  on  the 
lathe.  The  carriage  may  be  moved  endwise  by  hand  by  turning 
the  handle  16.  The  knob  17  is  turned  when  the  carriage  is  to  be 
moved  by  the  feed-rod,  and  the  handle  18  if  the  lead  screw  is  to 
be  used.  The  cros&^de  carrying  the  tool  may  be  moved  by 
band  by  turning  the  handle  i9,  or  by  power  by  turning  the 
knob  £0.  The  tool  is  clanq>ed  in  the  tool  post  $1 ,  which  is  held 
in  a  T  slot  in  the  cross-^e.  The  remaining  parts  are  as 
follows:  SH,  a  nut  for  clamping  the  tailstock  to  the  bed  A; 
£S.  a  hand  wheel  for  adjusting  the  tailstock  spindle  and  the  dead 
center;  34.  a  lever  for  reversing  the  direction  of  feed-motion; 
M,  A  fbLLd''iaiJL  securely  fastened  to  the  lathe  bed ;  26,  a  handle 
for  operatii^  the  compound-rest  cross-feed;  27,  an  adjusting 
screw  for  setting  over  the  tailstock  spindle,  and  brought  into 
use  when  the  tailstock  is  set  over  in  order  to  turn  a  taper. 
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LATHB    DBTAIU 

6.  Lathe  Carriage.— The  lathe  carriage  is  composed  of  two 
parts,  namely,  the  saddle  and  the  apron.  The  saddle  iJ,  Fig- 1,  is 
fitted  and  gibbed  to  the  top  of  the  lathe  bed,  carries  the  cross- 
slide  and  the  tool,  and  receives  all  the  thrust  exerted  in  cutting 
the  work.  The  apron  F  is  secured  to  the  saddle  by  screws.  It 
hangs  in  front  of  the  bed,  and  contains  the  gearinj;  through  which 
the  feed-motion  is  transmitted  from  the  feed-rod  I  /  to  the  feed- 
ra£k  S6.  It  also  carries  the  split  nut  that  et^ages  the  lead 
screw  when  cutting  threads. 

6.  Feed-Hotlon. — ^To  operate  the  power  feed,  or  cause  the 
carrif^  to  move  automatically  along  the  lathe  bed,  the  knob  17, 
Fig.  1,  is  turned,  thus  operating  a  friction  clutch  inside  the  apron. 
This  operation  throws  in  the  feed,  and  power  is  then  trans- 

^ mitted  from  the  spin- 

fy^Y^^Yy^^^   die  to  the  stud  5,  from 
i'A'A*A*I'J    the  stud  cone  9  to  the 

^'— ^^-^ ^V_-/ V_^V-^    feed-rod  cone  10  by 

^"''  ^  means  of  a  belt,  and 

so  along  the  rod  to  the  carriage.  Each  of  the  feed-cones  9  and 
10  has  three  steps,  and  by  shifting  the  belt  three  different 
speeds  of  the  feed-rod  11  may  be  obtained.  In  some  lathes 
the  feed-rod  is  driven  by  gearing,  thus  enabling  heavier  feeds 
■  to  be  used ;  but  there  is  always  danger  of  employing  a  feed  so 
heavy  as  to  damage  the  gears,  whereas,  if  a  belt  is  used,  it  will 
shp  when  the  feed  becomes  excessive,  and  will  thus  prevent 
damage.  The  direction  of  the^ed-motion  may  be  changed  by 
introducing  another  gear  into  the  series  of  gears  either  in  the 
apron  or  on  the  headstock.       * 

7.  The  reversal  of  motion  by  using  an  extra  gear  may  be 
illustrated  clearly  by  Fig.  2,  which  shows  a  series  of  gears, 
frequently  called  a  gear  train,  or  train  of  gears.  If  the  gear  1 
turns  in  the  directitm  indicated  by  the  arrow  marked  on  it, 
gears  3  and  .5  will  also  turn  in  this  same  direction,  but  gears  S 
and  4  "^^  turn  in  the  oi)[x>site  direction.  In  other  words,  if 
the  number  of  gears  in  a  train  is  even,  the  first  and  last  gears 
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will  revolve  in  opposite  directions;  but  if  the  number  of  gears  is 
odd,  the  first  and  last  gears  will  revolve  in  the  same  direction. 

8.  An  end  view 
of  a  headstock  and 
of  the  gears  by  which 
the  direction  of  the 
feed-motion  is  con- « 
trolled  is  shown  in 
Fig.  3,  and  Fig.  4  is 
a  detailed  end  view 
of  the  same  head- 
stock.  The  gear  1  is 
keyed  to  the  spindle 
and  the  gear  S  is 
keyed  to  the  stud 
or  change-gear  spin- 
dle 6.  An  arm  piv- 
oted on  the  stud  6 

carries  the  idlers  S  p>°-3 

and  4-  When  the  handle  5  is  up,  motion  is  transmitted  from 
the  gear  on  the  headstock  spindle,  through  the  gear  ^  to 
the  gear  S.  Then,  as  there  are  three  gears  in  the  train,  the 
first    and   last  gears   have  the   same   direction   of   rotation. 


When  the  handle  5  is  pushed  down,  as  in  Fig.  5.  the  idler  S  is 
moved  away  from  the  gear  J,  and  the  gear  4<  which  was  before 
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revolving  idly,  is  brought  against  the  gear  1.  Motion  is 
then  transmitted  through  the  gears  from  '  to  ^,  &om  -f  to  JS,  and 
from  $  toS.  In  this  position  there  are  four  gears  in  the  train 
and  the  motions  of  the  first  and  last  gears  are  in  opposite  direc- 
tions. In  Fig.  1  this  same  reversing  mechanism  is  t^ed,  but 
the  gearing  is  placed  inside  the  frame  of  the  headstock.  The 
various  speeds  of  the  lathe  are  controlled  by  running  the  belt 
on  different  steps  of  the  driving  cone  3,  and  by  the  use  of  the 
back  gears. 

9.    Back  Gears. — A  horizontal  section  through  the  head- 


stock  of  a  lathe  is  shown  in  Pig.  6,  and  illustrates  the  action  erf  the 
back  gears.  The  back  gears  fi  and  c  are  fixed  to  a  hollow  sleeve, 
or  quill,  that  turns  on  a  shaft  held  in  bearings  in  the  brackets 
at  the  bade  of  the  headstock.  This  shaft  is  eccentric;  that  is, 
its  center  line  is  not  in  line  with  the  centers  of  the  end  bearings. 
Thus,  when  the  handle  e  is  raised  and  pushed  backwards,  the 
eccentric  shaft  is  turned  partly  in  its  bearings,  and  the  quill  with 
the  back  gears  b  and  c  is  moved  away  from  the  spindle.  This 
movement  throws  the  back  gears  out  of  mesh  with  the  gears  a 
and  d,  and  thus  puts  the  back  gears  out  of  action.    A  reverse 
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movement  of  the  handle  e  throws  the  back  gears  into  action 
again. 

10.  The  small  gear  a,  Fig.  6,  is  fastened  to  the  small  end  of 
the  cone,  which  is  loose  on  the  spindle.  The  spindle  gear  d, 
however,  is  firmly  keyed  to  the  spindle,  and  has  a  radial  slot 
for  a  bolt  that  carries  a  block/  at  its  inner  end.    If  the  spindle 


is  to  turn  at  the  same  speed  as  the  cone,  the  back  gears  are 
thrown  out  of  action,  and  the  block  /  is  then  moved  outwards 
tmtil  it  enters  a  slot  cut  in  the  lai^r  end  of  the  cone,  thus  locking 
the  gear  d  to  the  cone,  and  forcing  them  to  turn  together.  If 
the  back  gears  are  to  be  used,  the  block  /  is  drawn  out  of  the 
slot  in  the  cone,  so  as  to  disengage  the  cone  from  the  gear  d. 
Then  the  handle  e  is  drawn  forwards,  bringing  the  back  gears  h 
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and  c  into  mesh  ^vith  the  cone  and  spindle  gears  a  and  d.  The 
cone  then  turns  the  gear  a,  which  drives  the  gear  fr,  and  there- 
fore also  the  pinion  c  more  slowly .  The  pinion  c  drives  the  gear  d 
at  a  still  slower  speed,  so  that  the  effect  of  tising  the  back 
gearing  is  to  turn  the  spindle  much  more  slowly  than  the  cone 
pulley,  and  make  it  possible  to  take  a  heavier  cut. 

11.  Double  Back  Gears. — ^When  a  greater  change  of 
speed  is  desired  than  can  be  obtained  with  the  ordinary  set 
of  back  gears,  a  second  combination  of  gears  of  different  ratios 
is  introduced  whereby  the  speed  may  be  reduced  still  more. 
When  this  combination  is  used,  the  lathe  is  said  to  be  double 
back-geared.  The  headstock  of  a  lathe  with  double  back  gearing 
is  shown  in  Fig.  7.  The  gears  h  and  c  are  pinned  together,  and 
are  free  to  slide  on  a  feather  on  -the  back-gear  shaft,  so  that  . 
when  mpved  to  one  position,  the  gear  b  meshes  with  the  gear  a 
on  the  cone  spindle,  ^ving  one  rate  of  speed.  When  the 
gears  h  and  c  are  moved  to  the  other  end  of  their  seat,  the 
gear  c  meshes  with  the  gear  d.  The  gears  c  and  d,  being  of 
different  diameters  from  the  gears  h  and  a,  give  a  different 
rate  of  speed.  The  slower  speed  is  obtained  when  the  gears  a 
and  9  are  in  mesh.  When  the  gears  c  and  d  are  engaged,  the 
back  gear  h  is  opposite  the  space  left  between  the  spindle  gears 

a  and  d. 

12.  Triple  Back  Gears. — On  the  larger  and  stronger 
lathes,  a  third  set  of  back  gears  is  used,  and  the  lathes  are  then 
said  to  be  triple-geared.  Fig.  8  illustrates  a  lathe  of  this  type. 
The  first  portion  of  the  gearing  is  similar  to  that  already 
described,  but  the  triple  gearing  is  obtained  by  means  of  an 
internal  gear  a  attached  to  the  face  plate  h,  which  is  operated 
by  a  pinion  on  the  shaft  d,  thus  producing  a  very  slow  speed. 

13.  Tallstock. — The  small  engine  lathe  shown  in  Fig.  1 
has  the  tailstock  secured  to  the  bed  by  a  clamp  bolt  22,  and  it 
can  be  moved  by  loosening  this  bolt  and  sUding  the  tailstock  to 
the  desired  position  by  hand.  The  weight  of  the  tailstock  of 
a  large  lathe  makes  this  difficult  or  impossible,  and  some  special 
method  is  necessary.     The  lathe  shown  in  Fig.  8  has  an  arm  / 
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attached  to  the  tailstock  and 
provided  with  a  hand  wheel  e 
that  operates  the  paring  ar- 
ranged to  engage  with  the 
rack  y.  By  this  device  the 
tailstock  can  easily  be  moved 
by  hand.  In  some  cases, 
arrangement  is  made  for  con- 
necting the  traverse  mecha- 
nism with  the  lead  screw  so 
that  the  tailstock  may  be 
moved  by  power.  The  lathe 
shown  in  Fig.  1  has  the  tail- 
stock  spindle  moved  in  or 
out  by  means  of  the  hand 
wheel  2S;  but  in  the  "lathe 
shown  in  Fig.  8,  the  tailstock 
becomes  of  such  extreme 
"  length  that  it  is  not  always 
i£  convenient  to  operate  the 
spindle  by  the  hand  wheel  g, 
and  the  auxiliary  hand 
wheel  h,  the  shaft  i,  and  the 
gearing  at  k  are  provided, 
thus  enabling  the  operator 
to  control  the  spindle  while 
he  is  close  to  the  center. 

14.  Lead-Screw  Sup- 
ports.— In  the  case  of  a 
small  lathe,  as  shown  in 
Fig.  1,  the  lead  screw  and 
feed-rod,  16  and  1 1 ,  are 
simply  supported  at  the  ends 
and  in  the  apron.  In  the 
case  of  long  or  heavy  lathes, 
additional  supports,  as  shown 
at  /,  Fig.  8,  become  necessary. 
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Sometimes  several  of  these  additional  supports  are  arranged 
along  the  lathe. 

15.  lATge  Diameter  Tool  Rest. — In  most  lathes,  the 
tool  is  secured  in  the  ordinary  tool  post  of  the  form  shown  at  2/, 
Fig.  1,  and  at  n.  Fig.  8;  but  in  large  lathes  it  is  f 
necessary  to  t\im  work  that  cannot  be  swung  over  the  c 
In  such  a  case,  the  large  diameter  rest  illustrated  in  Fig.  8  is 
used.  It  consists  of  an  auxiliary  slide  m  placed  at  the  front  end 
of  the  carri^e,  and  the  tool  post  o.  Such  a  tool  post  is  located 
considerably  below  the  line  of  the  lathe  centers,  and  in  order 
to  obtain  the  proper  cutting  angles  for  the  ordinary  tools, 
the  top  slide  on  which  the  botttnn  of  the  tool  rests  is  inclined 
at  such  an  angle  that  a  line  drawn  along  the  bottom  of  the 
tool  would  pass  approximately  through  a '  line  joining  the 
centers  on  the  lathe. 

16.  Swing  of  lAthe. — In  the  United  States,  the  size  of  a 
lathe  is  denoted  by  its  swing,  which  is  the  diameter  of  the 
largest  piece  that  can  be  swung  over  the  V's,  A  lathe  that  will 
just  turn  a  24-inch  pulley  is  a  S^-^nch  lathe,  and  is  said  to  have  a 
Si-4nch  swing.  In  Great  Britain,  the  swing  of  a  lathe  is  the 
radius  of  the  largest  piece  that  can  be  turned  in  it;  hence, 
a  lathe  with  a  24-inch  swing  could  turn  a  piece  48  inches  in 
diameter. 

17.  Steady  Rest. — ^The  attachment  secured  to  the  bed 
between  the  carriage  and  the  face  plate  in  Fig.  8  is  a  movable 
and  adjustable  work  support  caUed  a  steady  rest.  The  lower 
part  is  held  to  the  bed  by  an  anchor  that  engages  the  bed 
under  the  inside  pair  of  V's.  One  leg  of  the  steady  rest  has  a 
V  cut  in  it  to  hold  its  jaws  square  with  the  axis  of  the  centers; 
the  other  leg  is  flat,  and  rests  on  the  top  of  the  back  V.  The 
top  of  the  rest  hinges  on  the  lower  part  at  the  back,  and  is 
provided  with  a  clamp  bolt  at  the  front  to  hold  the  two  parts 
rigidly  together.  Three  or  more  adjustable  jaws  held  in  slots 
by  clamp  bolts  and  adjusting  screws  keep  the  work  in  line  with 
the  lathe  centers.  The  steady  rest  is  used  at  any  required 
point  in  the  length  of  a  shaft  held  between  centers,  or  to  support 
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a  piece  projecting  some  distance  from  the  face  plate  while  it  is 
being  turned  or  bored. 

18.  Live  Spindle. — The  driving  cone  5,  Fig.  I,  is  secured 
OR  and  drives  the  live  spindle  of  the  lathe.  This  spindle  is 
shown  in  section  in  Fig.  6.  The  spindle  is  bored  tapering  at  the 
front  end  to  take  the  tapered  live  center.  A  hole  is  usually 
nmde  the  rest  of  the  way  through  the  spindle,  so  that  long  work 
can  be  passed  through  it,  and  held  in  the  chuck,  and  also  to 
permit  a  rod  to  be  introduced  to  drive  out  the  center.  The 
outer  end  or  nose  of  the  spindle  is  threaded  a  part  of  its  length, 
and  the  rest  is  left  plain  or  tapered,  the  better  to  support  and 
steady  the  chuck  or  face  plate. 

19.  Thrust  Bearing. — The  box  at  the  bade  end  of  the 
spindle  is  rather  long,  and  contains  the  thrust  bearing,  as 
shown  in  Pig.  6,  to  prevent  end  motion  of  the  spindle  when 
boring  or  doing  other  chuck  or  face-plate  work.  The  thrust 
bearing  is  usually  a  hollow  screw,  having  a  head  by  which 
it  is  turned,  and  a  jam  nut  for  locking  it  when  it  is  adjusted. 
A  hardened  and  ground  washer,  or  else  a  fiber  washer  is  placed 
between  the  spindle  and  the  screw  to  reduce  both  frictiim  and 


20.  Details  of  Tallstock. — The  lathe  tailstock  is  an 
attachment  adjustable  lengthwise  along  the  bed,  and  used  to 
support  work  while  turning.  It  is  used  also  to  hold  tools,  such 
as  driUs  and  reamers,  and  to  feed  them  into  the  work.  It 
consists  of  a  base  a.  Fig.  9,  fitting  the  V's  of  the  lathe,  with  a 
ccoss-slide  A  on  its  top  for  the  sidewise  adjustment  of  the 
centers.  The  slide  is  prevented  from  moving  endwise  on  the 
base  by  a  tot^ue  and  groove  c  in  the  joint.  The  base  is  secured 
to  the  bed  by  clamp  bolts  d  extending  through  the  anchors  e. 
The  top,  carrying  the  dead  spindle  /  and  the  dead  center  g,  is 
adjustable  adewise  so  that  cylindrical  and  tapering  work  can 
be  turned. 

21.  The  sidewise  setting  of  the  tailstock,  Fig.  9,  is  made  by 
an  adjusting  screw  k  on  each  side  of  the  tailstock.  These  screws 
pass  through  holes  in  the  lower  part  and  enter  tapped  holes  in 
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corresponding  lugs  in  the  other  part.  By  loosening  one  screw 
and  tightening  the  other,  any  required  sidewise  adjustment  is 
made,  during  which  operation  the  clamp  bolts  should  be  slacked 
off.  The  tailstock  is  bored  for  the  dead  spindle/,  and  the  bade 
end  of  the  bore  is  tapped  and  closed  by  screwing  in  the  butt  i. 
Passing  through  the  butt  is  the  left-hand  adjusting  screw  / 
operated  by  the  hand  wheel  k.  The  dead  center  g  enters  the 
taper  in  the  dead  spindle  and  is  made  to  extend  so  far  back  in  the 
spindle  that  it  will  be  forced  out  of  the  taper  when  the  dead 


spindle  is  run  back  nearly  to  the  collar  on  the  feed-screw.  In 
the  lower  side  of  the  spindle  is  cut  a  keyway  /  in  which  fits  a 
setscrew  m  that  is  flattened  on  two  sides.  This  foims  a  key 
that  prevents  the  spindle  from  turning,  but  allows  it  to  move 
endwise. 

22.  Tailstock  Thrust. — If  the  tailstock  is  to  carry  great 
weights,  or  must  stand  the  stresses  imposed  by  high-speed  tools, 
it  may  be  prevented  from  moving  back  by  the  arrangement 
shown  in  Fig.  9.     A  pawl  «  is  secured  to  the  under  side  of  the 
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tailstock,  and  the  free  end  of  it  is  allowed  to  fall  into  a  rack  o  in 
the  bed.  The  pawl  is  raised  when  not  in  use,  and  held  out  of  the 
rack  by  the  handle  p,  which  hooks  over  the  end  of  the  slot  q  m 
the  base.  The  handle  r  is  a  clamping  lever  that  is  used  to 
lock  the  dead  spindle  in  position  after  it  has  been  properly 
adjusted.  A  light  tailstock  may  easily  be  pushed  along  the  V's 
by  hand;  but  the  heavy  ones  require  some  form  of  moving  gear. 

23.  Details  of  Apron. — There  are  two  distinct  types  of 
lathe  aprons.  In  one  type  the  feed-mechanism  is  operated  by  a 
feed-rod,  a  lead  screw  is  used  ior  cutting  threads,  and  the 
reversing  gears  are  in  the  headstock.  In  the  other,  the  lead 
screw  alone  operates  the  feed-mechanism,  and  gives  motion  to 
the  carriage  when  cutting  threads,  and  the  reversing  mechanism 
is  in  the  apron.  Front  and  back  views  of  an  apron  operated  by 
a  lead  screw  and  no  feed-rod  are  shown  in  Fig.  10  (a)  and  (6). 
The  carriage  is  moved  endwise  by  hand  by  turning  the  hand 
wheel  a,  which  is  fastened  to  a  short  shaft  that  passes  through 
the  front  plate  of  the  apron,  and  carries  a  pinion  that  meshes 

-with  the  gear  b.  The  gear  b  is  fastened  on  the  same  shaft  as 
the  pinion  c,  and  the  latter  meshes'  with  a  rack  on  the  lathe  bed ; 
hence,  when  the  hand  wheel  a  is  turned,  the  pinion  c  is  rotated, 
and  the  carriage  is  moved  along  the  bed. 

24.  The  automatic  feed  of  the  apron  shown  in  Fig,  10  is 
thrown  in  by  tiUTiing  the  knob  d,  which  tightens  a  clutch 
behind  the  bevel  gear  e.  The  lead  screw  passes  through  the 
bevel  gears  /  and  g,  the  sleeve  h,  and  the  split  nut  t,  and  has  a 
keyway  cut  along  its  full  length.  Each  of  the. bevel  gears/ 
and  g  has  a  key  that  fits  in  the  lead  screw,  so  that  it  must  turn 
with  the  screw,  and  yet  may  move  endwise  when  the  carriage 
moves.  These  bevel  gears  have  grooved  collars  in  which  fit 
the  forks  ;  fastened  to  the  rod  k.  By  turning  the  handle  I  at 
the  front  of  the  apron,  the  rod  k  is  moved  endwise,  and  one  of  the 
bevel  gears/  and  g  is  brought  into  mesh  with  the  gear  e.  As  the 
small  bevel  gears  are  on  opposite  sides  of  the  large  bevel  gear  e, 
and  turn  in  the  same  direction,  the  gear/  will  rotate  the  gear  e 
in  one  direction,  and  the  gear  g  will  tiu*n  it  in  the  opposite 
direction.    The  automatic  feed  is  thus  reversed  by  moving  the 
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handle  /,  and  when  the  handle  is  set  vertical,  both  gears  /  and 
£  are  out  of  mesh  with  the  gear  e,  and  there  is  no  feed. 

25.  Behind  the  bevel  gear  e.  Fig.  10,  is  a  tumbler  gear  m 
that  may  be  moved  so  as  to  mesh  with  either  the  cross-feed 
gear  n  or  the  gear  b  of  the  lengthwise  feed.  The  tumbler  gear 
is  shifted  by  moving  the  knob  o  in  the  slot  p.    When  it  is  at  the 


top  of  the  slot,  the  automatic  lengthwise  feed  is  engaged,  and 
when  it  is  at  the  bottom,  the  cross-feed  is  made  automatic. 
The  split  nut  is  shown  open  at  i.  It  consists  of  two  parts  that 
slide  in  vertical  guides  q.  When  threads  are  to  be  cut,  and  the 
carriage  is  to  be  moved  by  the  lead  screw  and  the  nut,  the 
handle  r  at  the  front  is  thrown  over,  thus  moving  the  halves  of 
the  split  nut  in  their  guides,  and  drawing  them  together  around 
the  lead  screw.    The  bevel  pinions  /  and  g,  of  course,  are  both 
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out  of  taiesh  with  the  gear  e  when  the  split  nut  is  closed  on  the 
lead  screw. 

26.  The  type  of  apron  shown  in  Fig.  11  is  operated  by  both 
a  lead  screw  and  a  feed-rod.  The  lead  screw  passes  through 
the  split  nut  a,  which  is  closed  on  it  when  threads  are  to  be  cut. 
The  lead  screw  has  no  keyway,  as  it  is  used  to  drive  the  carriage 
only  for  screw  cutting.  The  feed-rod  b  passes  through  the  two 
bearings  c  at  the  bottom  of  the  apron,  and  has  a  keyway  through- 
out its  length.  The  two  worms  d  and  e  are  carried  by  the  bear- 
ings c,  and  slide  along  the  feed-rod  as  the  carriage  moves;  but 
they  are  keyed  so  that  they  must  rotate  with  the  feed-rod.  The 
worm  d  drives  the  worm-wheel  /,  which  is  on  the  same  shaft 


as  the  hand  wheel  g.  A  small  gear  on  this  shaft,  behind  the 
worm-whed/,  drives  the  wheel  h,  and  so  turns  the  pinion  i  that 
gears  with  the  rack  on  the  bed  of  the  lathe.  The  hand  wheel 
is  used  to  move  the  carriage  by  hand.  When  the  automatic 
feed  is  required,  a  knob  at  the  front  of  the  hand-wheel  shaft  is 
turned,  thus  drawing  the  cone  clutch  /  into  contact  with  the 
gear/.  The  cone  /  is  fast  to  the  hand-wheel  shaft,  and  when 
it  is  drawn  into  the  gear/,  the  latter  turns  the  shaft,  and  so 
drives  the  gear  h,  thereby  moving  the  carri^e.  A  similar 
cone  clutch  fe,  operated  by  a  second  knob  at  the  front,  may  be 
engE^ed  with  the  worm-wheel  /,  which  is  driven  by  the  worm  e. 
The  worm-wheel  /  and  the  gear  m  are  thus  locked  together,  and 
the  cross-feed  is  driven  automatically  through  the  idler  w. 
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LATHE  ATTACHMENTS 


TYPES    OF    BESTS 

27.  Rlse-and-Fall  Rest. — ^Various  means  are  adopted 
for  adjusting  the  height  of  the  tool,  depending  on  the  style 
of  lathe  and  carriage.  Fig.  12  shows  a  very  common  rest 
used  on  small  sizes  of  lathes.     This  is  known  as  the  rise-and-tall 

rest.    It  is   composed  of  a 
lower  part  a  resting  on  the 
bed   of  the   lathe,  and   an 
upper  part  b  hinged  at  tlie 
points  p,  and  carrying  the  toc^ 
I  block.    By  turning  the  ad- 
justing screw  s,  the  upper 
part  may  be  raised  or  lowered, 
and  the  tool  set  at  any  de- 
sired height.-    This  is  one  of 
the  most  convenient  fonns  of  tool  rest  used  for  small  work. 
A  weight  is  frequently  attached  to  the  imder  side  of  the  cross- 
slide  fc  by  a  link  passing  through  the  bridge  a.    The  weight 
should  be  heavy  enough  to  hold  the  top  part  down.     Lathes 
fitted  up  in  this  manner  are 
called  weighted-rest  lathes.     In 
some  cases  the  weight  is  re- 
placed by  a  coiled  spring  at- 
tached to  the  rest,  and  to  a 
holder  projecting  down  from 
the  saddle  bridge. 

28.  Plain       Rest. 

Another  type    of  tool    rest.  '^■" 

known  as  the  plain  rest,  is  shown  in  Fig.  13,  and  is  used 
principally  on  the  larger  lathes.  The  height  of  the  tool  point 
is  adjusted  before  clamping  in  the  tool  post,  by  means  (rf 
wtdgcs,  washers,  or  rings  under  the  tool.  These  rest  on  the 
nurled  ring  shown  in  the  illustration. 
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29.  One  style  of  adjustment  commonly  used  for  the  tool 
is  shown  in  Fig.  14.  The  tool  rests  an  a  chip  a  that  is  convex 
on  its  under  side  and  fits  the  top  of  a  concave  ring  b  that 
rests  on  the  tool  block.    The 

tool  point  o  can  be  set  at  any 
height  within  given  limits, 
and  the  chip  a  under  the  tool 
will  rode  to  a  position  that 
n-ill  give  a  flat  bearing  for  the 
toed.  There  are  numerous 
other  methods  of  tool  adjust- 
ment that  vary  Uttle  in  prin- 
ciple, and  accomplish  the 
same  purpose. 

Fio.  14 

30.  Compoand    Rest. 

On  the  cross-slide  of  the  lathe,  a  compound  rest  is  usually 
provided.     As  shown  in  Fig.  15,  the  cross-shde  a  has  swivclcd 
on  it  a  graduated  plate  6  that  can  be  set  at  any  angle  to  the 
slide.    A  slide  c  on 
the  top  of  the  base  b 
carries  the  tool  post 
or  tool  clamp  d,  and 
is  moved  by  the  feed- 
screw e.    On  large 
'  lathes  the  compound 
rest    is    geared    for 
power   feed,    and    is 
used  mainly  for  turn- 
ing tapers  that    are 
'"■  beyond  the  range  of 

the  taper  attachment.  The  rest  is  set  to  the  required  angle 
by  loosening  the  clamp  bolts,  and  swinging  the  slide  c  and  the 
base  b  on  the  cross-slide  a.  The  bottom  jaw  of  the  tool  clamp 
is  made  concave  to  receive  a  convex  chip.  The  chip  is  check-  ■ 
ered  on  its  upper  surface,  where  the  tool  rests,  and  can  be 
tilted  in  either  direction  to  alter  the  height  of  the  tool  point. 
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TAPBB    ATTACHHBNT 

81.  Construction. — ^The  taper  attachment,  one  fonn  of 
which  is  shown  in  Fig,  16,  may  be  used  when  a  taper  is  to  be 
turned  on  the  lathe.  A  bracket  a  is  bolted  to  the  back  of  the 
saddle,  and  has  in  its  top  a  groove  that  is  parallel  to  the  V's  of 
the  lathe  bed.  A  slide  b  fits  in  the  groove,  and  may  move  end- 
wise. At  one  end  is  an  offset  c  that  is  secured  rigidly  to  an 
anchor  d  that  may  be  clamped  to  the  back  V  at  any  point.  A 
bar  e  is  pivoted  at  its  middle  point  on  the  top  of  the  slide  b, 
and  at  its  ends  has  clamping  bolts  that  move  in  slots  /  cut  in 
the  slide.  The  taper  bar  e  may  thus  be  swung  so  that  it  will  be 
parallel  to  the  lathe  V's,  or  so  that  it  will  stand  at  an  angle  to 


them.  A  graduated  scale  is  marked  on  the  slide  at  g,  and  a 
pointer  is  formed  on  the  end  of  the  taper  bar,  so  that  the  bar 
may  quickly  be  set  to  give  the  desired  taper.  The  graduations 
usually  indicate  the  taper  in  inches  per  foot,  but  occasionally 
'  they  give  it  in  degrees. 

32.  Operation. — ^When  the  taper  attachment  is  to  be 
used,  the  cross-feed  nut  is  disconnected  from  the  cross-feed 
slide  k,  Fig.  16,  and  the  latter  is  rigidly  connected  to  the  slide  i 
on  the  taper  bar.  The  taper  bar  is  set  to  the  desired  taper, 
and  the  anchor  d  is  clamped  to  the  bed.  Then,  as  the  carriage 
moves  along  the  bed,  the  slide  t  will  move  along  the  taper  bar, 
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which  is  set  at  an  angle  to  the  V's,  and  as  a  result  the  cross- 
slide  h  will  be  moved  crosswise  on  the  carriage.  This  will  move 
the  tool  closer  to  the  axis  of  the  work  or  farther  from  it,  and 
the  desired  taper  will  be  turned.  In  some  makes  erf  lathes  the 
toacket  a  at  the  bac^  is  made  adjustable,  and  is  clamped 
firmly  to  the  bed  in  the  desired  position,  instead  of  being 
fastened  to  the  carnage. 

gPINDUB    ATTACHMSINTS    AND   HOU>INO    DBVICB8 

33.  Fac©  Platee.— A  lathe  is  provided  with  two  face 
plates  for  general  work.  The  plates  are  bored  and  threaded 
to  fit  the  thread  on  the  nose  of  the  spindle,  and  the  back  end 
is  generally  counter- 
bored  to  fit  a  plain 
cylindrical  part  of 
the  spindle  at  the  in- 
ner end  of  the  thread, 
as  shown  at  o.  Fig.  17 
(a).  The  smaller  of 
the  two  face  plates  is 
used  to  drive  work 
that  is  held  between 
centers.  It  has  one 
or  more  radial  slots 
cut  in  the  flange  to  receive  the  tail  of  the  dog  that  drives  the 
work.  The  larger  face  plate  is  usually  made  with  T  slots 
extending  from  the  hub  to  the  edge,  and  with  short  slots  extend- 
ing through  the  plate  between  the  T  slots.  It  is  used  mainly 
for  holding  work  to  be  machined  accurately,  but  is  also  used 
as  a  driver  when  the  smaller  plate  cannot  be  employed. 

34.  lAtbe  Centers. — The  live  center  in  the  headstock 
sjnndle  turns  with  the  work,  but  the  dead  center  in  the  tailstock 
spindle  is  stationary  with  respect  to  the  work.     The  centers 

.are  made  of  carbon  tool  steel  so  that  the  points  may  be  hard- 
ened to  resist  wear.  Both  should  be  very  hard,  and  a  grinder 
should  be  provided  for  grinding  them  in  position  in  the  live 
spindle,  when  they  are  used  for  heavy  work  or  with  higlj-speed 
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tools.     If  a  lathe  is  used  for  light  work,  it  is  customary  to  draw 
the  temper  of  the  Hve  center  so  low  that  it  can  be  trued  by  a 


turning  tool  hold  in  the  tool  post.     This  is  also  done  when  i 
center  grinder  is  available. 
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35.  Center  Angle. — ^The  angle  of  the  conical  end  of  the 
lathe  center,  as  shown  at  a.  Fig.  18  (a),  is  iisually  60°,  but  for 
very  heavy  work  an  angle  of  75°  gives  a  stronger  center.  The 
body  of  the  center  is  tapered  to  fit  the  spindle  taper,  which  is 
usually  i  inch  per  foot,  and  the  back  or  small  end  b  is  turned 
smaller  than  the  center  hole,  so  that  when  it  is  battered  or 
upset  by  the  rod  used  in  removing  it,  it  will  not  bind  in  the  hole. 
If  the  inner  end  of  the  center  was  made  plain,  and  should  become 
battered  or  upset,  it  would  not  fit  the  tapered  hole  in  the  spindle, 
and  the  hole  would  soon  be  ruined.  The  reduced  end  will  not 
upset  enough  to  cause  trouble. 

36.  Forms  of  Centers. — Various  centers  and  tools  used 
in  lathe  spindles  are  shown  in  Fig.  18.  The  simplest  form  of 
center  is  shown  in  (a).  It  is  driven  out  of  the  hve  spindle  by 
passing  a  rod  through  the  spindle,  and  it  is  backed  out  c£  the 
dead  spindle  by  running  the  spindle  back  until  the  back  end  of 
the  center  strikes  the  end  of  the  spindle  screw.  The  center  (ft) 
is  used  in  a  solid  spindle,  and  a  wrench  is  applied  to  the  square 
formed  on  the  center,  so  as  to  remove  the  latter  from  the  spindle. 
The  center  (c)  is  drawn  out  of  the  spindle  by  the  nut  shown, 
which  is  screwed  against  the  end  of  the  spindle.  This  nut 
usually  has  14  or  16  threads  per  inch. '  A  projecting  part  of 
smaller  diameter  is  formed  on  the  center  {d) ,  which  is  used  when  , 
an  arbor  does  not  extend  through  a  hole  in  a  piece  of  work. 
The  half  center  (e)  has  nearly  half  of  its  diameter  cut  away.' 
leaving  a  flat  surface.  It  is  placed  in  the  dead  spindle  with  the 
fiat  surface  toward  the  tool,  and  the  cut-away  part  allows  the 
side  tool  to  be  run  to  the  full  depth  of  its  cut  without  interfering 
with  the  center. 

37.  If  the  work  has  a  hole  through  it,  as  in  the  case  of  a 
pipe,  or  if  the  center  hole  is  unusually  large,  the  pipe  center 
(/),  Fig.  18,  is  used.  The  fonn  shown  in  (g)  is  a  revolving 
center.  As  indicated  by  the  dotted  lines,  a  stud  is  formed  on 
the  end  of  the  shank  to  fit  a  hole  in  the  conical  tip.  The  tip 
then  turns  with  the  work,  and  rotates  on  the  stud.  The  female 
center  (A)  is  used  with  work  that  has  pointed  ends,  and  for  work 
that  is  too  small  to  have  center  holes  drilled  in  it.     A  vt  ry  la'  -x- 
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spindle  is  often  provided  with  a  tapered  bushing  (t)  that  fits 
the  taper  of  the  spindle,  and  allows  a  snmller  center  to  be  used 
in  it.  It  is  made  of  soft  steel,  which  is  cheaper  than  maldng 
a  lai^e  center  wholly  of  tool  steel.  A  similar  bushing,  shown  in 
(j) ,  is  made  with  a  straight  hole,  and  when  placed  in  the  tapered 
hole  in  the  Uve  spindle,  serves  as  a  guide  for  a  boring  bar  held  in 
the  tailstock.  The  pad  center  (k)  is  used  in  the  tailstock 
spindle  when  thin  or  flat  pieces  are  to  be  drilled. 

38.  The  square  center  shown  in  (/),  Fig.  18,  has  four  faces, 
and  the  opposite  comers  make  an  angle  of  60°;  it  is  used  to  ream 
a  center  hole.    The  work  is  placed  on  the  live  center,  and  held 


with  a  dog,  as  for  turning,  and  the  square  center  is  put  in  the 
dead  spindle.  The  butt  end  of  a  tool  held  in  the  tool  post  is 
then  run  up  to  the  work,  and  as  the  latter  revolves  the  square 
center  is  fed  into  the  center  hole.  The  tool  and  the  center 
maintain  fixed  positions  relative  to  each  other,  so  the  center 
hole. will  be  true  with  the  circumference.  The  forked  center  {m} 
is  used  in  the  dead  spindle  to  support  and  guide  round  work 
while  it  is  being  drilled  by  a  drill  held  in  the  Uve  spindle.  The 
starting  drill  («)  is  a  center  flattened  on  two  sides,  and  formed 
into  a  flat  drill.  It  is  used  in  the  dead  spindle  to  start  holes 
true  where  they  are  to  be  drilled  by  a  less  rigid  tool,  such 
as  a  long  twist  or  flat  drill.  The  thread  mandrel  or  center 
arbor  (o)  is  a  work  holder,  usually  threaded,  and  used  in 
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the  live  spindle  for  Ivdding  nuts  or  other  internally  threaded 
machine  parts. 

39.  Latbe  Dogs. — ^A  lathe  dog,  known  also  as  a  carrier  or 
driver,  is  a  device  that  is  slipped  over  and  clamped  to  the  end 
erf  a  piece  o£  work.  A  tail,  or  projection,  on  the  dog  enters  a 
slot  in  the  face  plate,  or  engages  a  stud  projecting  from  the  face 
plate,  and  the  work  is  thus  caused  to  rotate.  The  bent-tail 
dog  shown  in  Fig.  19  (a)  is  most  commonly  used  for  round  work. 
It  is  a  steel  forging,  with  a  hole  to  receive  the  end  of  the  work, 
and  a  setscrew  to  clamp  it  tightly.  The  bent  end,  or  tail,  enters 
a  slot  in  the  face  plate.  The  clamp  dog  shown  in  (b)  consists 
of  two  parts  a  and  b  that  may  be  drawn  together  by  the  screws  c, 
to  clamp  work  placed  between  them.  A  tail  d  on  the  part  b 
serves  to  drive  the  work.  The  straight-tail  dog  shown  in  (c) 
requires  a  stud  to  be  fastened  to  the  face  plate  so  as  to  engage 
with  the  tail  a  and  rotate  the  work. 


LATHE  FOB  HBAVT  WORK 
40.  Constmctian. — ^An  engine  lathe  including  most  of 
the  details  that  have  aheady  been  described,  and  of  such  heavy 
design  as  to  be  well  suited  for  heavy  work  with  h^h-speed  steel 
tools,  is  shown  in  Fig,  20.  It  is  driven  by  an  electric  motor  a 
bolted  on  top  of  the  headstock  frame,  which  is  made  hollow 
to  form  a  guard  for  the  gearing.  The  lower  half  b  contains  oil 
to  lubricate  the  gears.  The  motor  is  controlled  by  a  controller 
box  at  the  rear,  which  is  operated  by  the  hand  wheel  c  through 
the  shaft  d,  and  other  coimecting  gearing.  Power  is  transmitted 
to  ttie  initial  driving  shaft  through  the  gear  train  e  at  the  left 
end  d  the  headstock.  A  powerful  friction  clutch  operated  by 
the  lever/  enables  the  initial  driving  shaft  to  be  either  cortnected 
to  the  gear  train  e  or  disconnected  from  it,  thus  starting  or 
stopping  the  lathe.  If  the  lathe  is  to  be  driven  by  a  belt  instead 
of  by  a  motor,  the  lower  gear  of  the  gear  train  e  is  replaced  by  a 
pUdn  pulley.  The  head  contwis  gears  that  may  be  moved  by 
the  levCTS  g,  h,  and »',  thus  altering  the  speed  at  which  the  work 
spindle  is  rotated. 
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41>  Geared  Head. — ^A  diagram  of  the  gearing  cont^ed  in 
the  head  of  the  high-duty  lathe  is  shown  in  Fig.  21.  This 
diagram  shows  the  connections  between  the  driving  pulley  and 
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the  work  spindle.  The  initial  driving  shaft  a  is  driven  from  the 
pulley  b  through  the  clutch  c,  and  carries  a  p^  of  shp  gears  A 
and   C  mounted  on  the  same  sleeve.    These  slip  gears  are 
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moved  along  the  shaft  a  by  the  lever  g.  Fig.  20,  and  may  be 
brought  into  mesh  with  the  gears  B  and  D,  Fig,  21.  The  three 
gears  B,  E,  and  D  are  fixed  to  the  sleeve  d,  which  can  rotate 
freely  on  the  shaft  e,  but  cannot  move  endwise.  The  gear  K 
I  is  keyed  to  the  shaft  e,  and  the  pinion  L  is  splined  to  it  so  that  it 
can  be  slid  endwise,  but  must  turn  with  the  shaft.  The  work 
Spindle  /  has  a  sleeve  g  loose  on  it.  On  the  sleeve  g  are  splined 
the  two  slip  gears  G  and  H,  and  the  third  gear  /  is  keyed  to  the 
sleeve  g.  The  dutch  gear  F  is  loose  on  the  spindle  /  and  the 
gear  M  is  keyed  to  it.  The  clutch  h  is  splined  to  the  spindle/, 
and  may  be  thrown  in  so  as  to  engage  with  the  sleeve  g,  and 
thus  cause  the  spindle  to  turn  with  the  gears  G,  H,  and  I.  The 
dutch  k  is  moved  at  the  same  time  as  the  pinion  L  by  the  lever  i. 
Fig.  20.  When  the  pinion  L,  Fig.  21,  is  in  mesh  with  the  gear  M, 
the  dutch  k  is  free,  and  when  the  dutch  h  is  engaged,  the 
pimon  L  is  free.  The  central  lever  h.  Fig.  20,  controls  the  move- 
ments of  the  slip  gears  G  and  H. 

42.  The  table  given  in  connection  with  the  diagram,  Fig.  21, 
contains  four  colimuis.  The  first  gives  the  runs,  that  is, 
the  series  of  gears  used  to  obtain  a  given  speed.  The  second 
column  gives  the  speed  of  the  spindle  in  revolutions  per  minute. 
The  third  column  shows  the  ratio  of  speeds  of  the  initial  driving 
shaft  and  the  spindle,  that  is,  the  number  of  turns  made  by  the 
initial  driving  shaft  to  one  of  the  spindle.  The  last  column  gives 
the  holes  to  which  the  levers  must  be  set,  and  these  holes  refer 
to  the  three  sets  shown  at  the  front  of  the  headstock  in  Fig.  20. 
For  example,  suppose  that  a  spindle  speed  of  about  50  revolit- 
tions  per  minute  is  required.  The  nearest  value  to  this  in  the 
table.  Fig.  21,  is  47,  which  is  obtained  with  the  gears  C,  D,  B, 
and  F  in  mesh.  The  holes  called  for  are  A,  C,  and  G.  The 
lever  g,  Fig.  20,  is  therefore  set  to  the  hole  A,  which  throws  the 
slip  gear  C,  Fig.  21,  into  mesh  with  the  intermediate  gear  D. 
The  lever  h,  Fig.  20,  is  set  to  the  hole  C,  which  throws  the  clutch 
on  the  gear  G,  Fig.  21,  into  mesh  with  that  on  the  gear  F. 
The  lever  i.  Fig,  20,  is  set  to  the  hole  G,  which  throws  the  clutch 
k,  Fig,  21,  into  mesh  with  that  on  the  gear  /.  The  motion  is 
then  transmitted  from  the  gear  C  to  the  gear  D,  the  sleeve  d. 
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the  gear  B,  the  gear  F,  the  sleeve  g,  the  gear  /,  the  clutch  k, 
and  thence  to  the  spindle/. 

43.  Qul«k-Change  Oearlng. — ^The  rate  of  motion  of  the 
carriage  for  turning  or  for  cutting  screws  may  be  varied  by 
using  the  change-gear  box  /,  Fig.  20,  in  connection  with  back 
gearing  controlled  by  the  levers  k  and  /,  A  sectional  diagram  of 
the  gearing  in  the  change-gear  box  is  shown  in  Fig.  22.  The 
pinion  a.  on  the  end  of  the  tumbler  shaft  b  is  driven  from  the 
work  spindle  through  a  train  of  gears  beneath  the  guard  m. 
Fig.  20.  This  train  is  in  all  respects  like  that  between  the 
spindle  and  the  lead  screw  of  the  lathe  shown  in  Fig,  3.  But 
whereas  the  speed  of  the  lead  screw  in  Fig.  3  is  changed  by 
using  change  gears  of  different  sizes  on  the  stud  and  the  screw, 
the  changes  in  the  lathe  in  Fig.  20  are  obtained  by  using  the 
change-gear  box  and  the  back  gearing.  The  lever  « is  connected 
to  a  sliding  tumbler  gear  that  may  be  moved  endwise  on  the 
tumbler  shaft  o,  and  put  in  mesh  with  any  one  of  eight  gears 
forming  a  cone  in  the  gear-box.  In  this  way  eight  different 
speeds  of  the  lead  screw  are  obtained  throi^h  the  cone.  But 
the  back  gears  controlled  by  each  of  the  levers  k  and  I  can  be 
used  to  give  two  changes  of  speed  in  connection  with  each  gear 
on  the  cone.  There  are  thus  32  lead-screw  speeds  obtainable 
through  the  change-gear  box  and  the  back  gearing. 

44.  On  the  tumbler  shaft  b.  Fig.  22,  is  a  pinion  c  that  can 
be  slid  along  the  shaft,  but  must  turn  with  it.  The  pinion  c  is 
held  in  the  forked  end  of  a  lever  d  that  corresponds  to  the  lever 
M,  Fig.  20.  The  pinion  c,  Fig.  22,  meshes  with  a  pinion  e  that 
is  also  carried  by  the  lever  d,  and  that  can  be  dropped  into  mesh 
with  ajiy  one  of  the  eight  gears  forming  the  cone/.  These  eight 
gears  are  keyed  to  a  sleeve  that  is  loose  on  the  lead-screw 
shaft  g.  The  back  gears  B  and  C  are  fixed  on  a  sleeve  h  that  is 
loose  on  the  back-gear  shaft  i  and  the  back  gears  F  and  G  are 
keyed  to  the  shaft  i.  The  gear  D  is  fastened  to  a  sleeve  ;'  that 
is  loose  on  the  shaft  g,  and  the  pinion  E  is  fast  to  the  shaft.  The 
clutch  k  is  splined  to  the  shaft  g,  and  may  be  engaged  with  the 
cone /  or  the  sleeve  ;.  The  gear  H  is  keyed  to  a  sleeve  that  is 
loose  on  the  lead  screw,  and  the  clutch  /,  which  is  splined  to  the 
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lead  screw,  may  be  engaged  with  the  gear  H  or  with  the  end  of 
the  shaft  g. 

45.  The  table  given  in  Fig.  22  shows  the  speed  ratios 
obtained  throi:^h  the  back  gears  A,  B,  C,  D,  E,  F,  G,  and  H, 
and  gives  the  runs  and  the  holes  to  which  the  levers  k  and  /, 
Fig.  20,  must  be  set.  The  eight  changes  that  furnish  the 
coarsest  feeds  are  obtained  directly  through  the  cone  gears, 
without  using  the  bade  gears  at  alt  In  these  cases,  the  levers 
k  and  /,  Fig.  20,  are  set  to  the  holesB  andC,  respectively.  The 
driving  is  then  done  from  the  shaft  b,  Fig-  22,  through  the 
gears  c  and  e  to  one  of  the  cone  gears,  through  the  clutch  k  to 
the  shaft  g,  and  through  the  clutch  /  to  the  lead  screw.  The 
eight  gears  in  the  ccme  thus  give  eight  different  speed  changes 
when  the  drive  is  direct,  that  is,  when  no  back  gears  are  used. 
With  the  run  shown  in  the  second  line  of  the  table,  the  levers 
are  set  to  A  and  C.  This  causes  the  clutch  k  to  engage  the 
sleeve  /,  and  the  clutch  /  to  engage  the  end  of  the  shaft  g.  Thus, 
after  driving  through  the  cone,  power  is  transmitted  throu^ 
the  bade  gears  A,  B,  C,  and  D  to  the  sleeve  ;,  then  to  the 
dutch  k,  thence  through  the  shaft  g  and  the  dutch  /  to  the 
lead  screw.  The  use  of  these  four  back  gears  makes  the  lead- 
screw  speed  half  as  great  as  when  the  drive  is  direct;  but  as 
the  drive  may  be  through  any  of  the  cone  gears,  there  are 
eight  speeds  possible  with  the  back  gears  A,  B,  C,  and  D, 
depending  on  which  of  the  cone  gears  is  used.  The  two 
remaining  runs  in  the  table  decrease  the  speed  to  one-fourth 
and  one^ighth  that  obtained  by  direct  driving. 


LATHE    CHCCK8 

46.  Adtlon. — Small  regular  work  may  be  heU  best  in  the 
lathe  chuck,  a  form  of  which  is  shown  in  Fig.  23.  It  consists  of 
a  cast-iron  disk  that  has  radial  slots  in  its  face,  in  which  slide 
a  number  of  jaws.  The  work  is  held  by  bring  placed  against  the 
face  and  then  having  the  jaws  moved  in  or  out  to  grip  it.  The 
chuck  itself  is  screwed  on  the  nose  of  the  lathe  spindle,  in  place 
of  the  face  plate.    The  jaws  may  be  moved  by  a  scroll,  or  by 
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screws,  as  in  Fig.  23.     In  Fig.  24  is  shown  a  section  of  the  chuck 
in  F^.  23,  with  one  jaw  and  its  screw  removed  and  placed  above 
the  chuck.    The  lathe  chuck  of  this  type  is  made  as  large  as 
3    feet   in    diameter. 
Work  that  would  re- 
quire the  use  of  very 
large  chucks  may    be 
better  operated  on  by 
fastening  or  bolting  it 
to  the  face  plate  of  the 
lathe.     Chucks    are 
made  with  two,  three, 
.   ^'"-^  or  four  jaws.    Chucks 

similar  to  that  shown  in  Fig.  24  may  have  the  jaws  reversed 
by  imscrewing  and  putting  them  in  in  reversed  position. 

47.  Classification  of  Chucks. — Chucks  are  classed  as 

independent,  universal,  and  combination,  chucks.  Independent 
chucks  are  so  arranged  that  each  jaw  is  moved  with  an  adjusting 
screw  independent  of  the  other  jaws.  Universal  chucks  are 
so  constructed  that  when  one  jaw  moves,  the  others  move  in 
the  same  direction  a  corresponding  distance.  Combination 
chucks  are  so  made  that  they  may  be  used  either  as  independent 
or  as  universal  chucks. 

48.  Independeii,t  Chucks. — Any  irregular  shape  can  be 
accommodated  by  the  setting  of  the  jaws  of  the  independent 
chuck.  It  also  has  the 
advantage  that,  owing 
to  the  separate  adjust- 
ment of  each  jaw,  a 
turned  piece  can  be  so 
set  in  it  that  the  surface 
will  run  true.  This 
tisually  cannot  be  done 
in   a    universal  chuck.  ' ""  " 

If  the  independent  chuck  is  used  on  work  of  regular  shape,  the 
time  required  to  set  the  work  can  be  reduced  by  marking  two 
of  the  jaws  of  a  four- jaw  chuck  after  the  first  piece  has  been 
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set  true.  When  the  piece  is  finished,  it  can  be  removed  by 
loosening  the  marked  jaws,  the  succeeding  piece  can  be  placed 
in  position,  and  the  marked  jaws  tightened.  This  will  usually 
bring  the  work  about  true.  It  should  be  tested,  however,  and 
any  necessary  corrections  made.  This  operation  may  be 
repeated  for  any  number  of  pieces  that  are  alike  and  work 
may  be  set  central  almost  as  quickly  as  in  the  universal  chuck. 
Chucks  used  for  general  work  on  the  lathe  are  usually  of  the 
independent  type  if  they  are  12  inches  or  more  in  diameter. 

49.  Universal  Cbucks. — The  chucks  used  on  small 
lathes  for  holding  regular  work  are  usually  5-  or  8-inch  uni- 
versal chucks.  They  grip  round  work  quickly,  and  they 
center  it  near  enough  in  most  cases.    Larger  chucks  are  used 


for  some  classes  of  work;  but  they  wear  with  use,  so  that 
they  will  not  hold  work  as  true  as  the  independent  chuck. 
A  universal  scroll  chuck  is  shown  in  Fig.  25,  illustrating  the 
two  positions  in  which  the  jaws  can  be  used.  The  jaws  of 
the  scroll  chuck  have  what  are  practically  square  teeth  a 
on  their  bottoms,  and  these  engage  a  scroll,  or  square  spiral 
thread  cut  on  a  disk  at  the  back  <rf  the  jaws.  The  back  side 
of  this  disk  has  a  bevel  gear  cut  on  it  which  is  operated  by 
pinions,  the  outer  end  of  one  being  shown  at  b.  When  the 
pinion  is  turned  by  a  square  key  that  fits  in  its  end,  the  bevel 
gear  is  rotated,  thus  rotating  the  spiral  thread,  and  Causing 
the  jaws  to  move  toward  or  away  from  the,  center  of  the  chudc. 

60.     Combination  Chucks. — A  combination  chuck  with 
a  quarter  section  removed  from  the  back  b  shown  in  Fig.  26. 
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A  pinion  a  is  cut  on  each  adjusting  screw,  and  these  pinions 

engage  with  a  circular  rack  6  in  the  back  of  the  chuck.     When 

one  adjusting  screw  is  turned,  the  rack  is  rotated,  and  each 

screw  b  turned  an  equal  amount,  thus  moving  each  jaw  a 

COTiesponding  distance.     To  make   this   chuck  independent, 

the  rack  mast  be  lifted  out  of  mesh  with  the  pinions  on  the 

screws.    The  ring  c  rests  against  the  back  of  the  rack  b,  and 

cams  d  project  from  the  back  of  the  ring.    When  the  rii^  is 

partially  rotated  by  means  of  the  knob  e,  the  cams  d  drop 

into  pockets,  thus  allowing  the  ring  and  the  radc  to  move 

away  from  the  pinions  sufficiently  to  discngE^e.     When  this 

is  done,  each  screw  is  disengaged,  and  the  chudc  is  independent. 

When  the  ring  is  partly  rotated  in  the  opposite  direction,  the 

cams  Uft  the  ring  and 

rack  so  that  the  latter 

again      engages     the 

pinions,  and  the  chuck 

is  again  universal. 

51.    After    using     a 
combination  chuck  as  an 
independent    chuck    for 
irregular  work,  the  jaws 
""'■  =*  win  be  out  of  true.     To 

set  the  jaws  true,  each  must  be  adjusted  to  a  circle  that  is 
drawn  on  the  face  of  the  chuck,  and  then  the  rack  must  be 
thrown  into  gear.  Combination  chucks  can  be  used  to  good 
advantage  for  some  classes  of  irregular  work.  The  chuck  is 
made  independent,  and  after  the  work  is  once  set  true,  the 
combination  can  be  thrown  in.  ttTien  the  work  is  removed, 
the  jaws  will  all  open  together.  If  the  next  piece  of  work 
is  set  in  the  chuck  in  the  same  position  relative  to  the  jaws 
as  the  first,  the  jaws  can  be  tightened  and  the  work  will  run 
true,  as  the  previous  piece.  A  universal  chuck  may  be  con- 
structed like  the  one  shown  in  Fig.  26  with  the  ring  c  left 
out  and  the  rack  b  in  contact  with  the  gears,  or  the  jaws  may 
be  moved  by  a  scroll.  The  ordinary  drill  chuck  is  also  used 
on  the  lathe  for  such  drilling  operations  as  may  be  necessary. 
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52.    Setting   Work   In   an   Independent  Chuck. — ^To 

set  a  round  piece  in  an  independent  chuck,  if  the  work  is 
at  aU  heavy,  it  can  be  held  against  the  chuck  by  using  a  block 
of  wood  between  the  work  and  the  dead  center,  as  shown 
in  Fig.  27.  This  will 
prevent  the  work 
from  falling  out  while 
the  jaws  are  being  ad- 
justed. The  jaws 
are  tightened  only 
enough  to  hold  the 
work.  The  lathe  is 
started  at  a  moder- 
ately fast  speed,  and 
the  work  is  tested  by 
holding  chalk  near  its 
face.    If    the    work 

does  not  run  true,  the  chalk  will  touch  only  the  high  side. 
This  indicates  that  the  work  should  be  moved.  If  the  chalk 
touches  the  work  as  shown  by  the  line  a  b,  it  would  indicate 
that  the  jaw  opposite  jaw  1  should  be  loosened,  and  jaw  / 
tightened,  thus  moving  the  work  across  the  face  of  the  chuck. 
If  the  chalk  touches  between  the  two  jaws,  then  the  two 
opposite  jaws  must  be  loosened,  and  the  two 
front  ones  tightened  a  corresponding  amount. 
The  amount  that  each  jaw  is  moved  should  be 
observed,  as  it  will  help  to  determine  the  amount 
of  subsequent  movements.  This  is  continued 
until  the  chalk  touches  at  points  evenly  all 
around. 

>3.     When  the  work  is  to  be  turned  or  faced 
on  a  number  of  faces,  each  face  should  be  tested 
PIG.  St  jjj  setting  the  work  before  beginning  to  turn  any 

one  face.  For  example,  take  the  cone  pulley.  Fig.  28.  Here 
the  hole  must  be  bored  true,  and  the  inside  and  outside  of  the 
cone  bored  and  tinned.  If  the  casting  is  perfectly  true,  the 
work  may  be  set  by  any  one  face,  and  the  others  will  natiu-ally 
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run  true;  but  this  is  not  often  the  case,  AU  parts  should  be 
tested  to  see  whether  there  is  enough  stock  and  whether  all 
surfaces  run  true  enough  to  turn  to  size. 


54.  Example  of  Chucking. — Suppose  that  a.  disk,  as 
shown  in  Fig.  29  (a),  with  a  hole  cored  very  much  to  one  side, 
is  to  be  bored,  and  turned  to  a  given  size.  If  set  in  the  chuck 
so  that  the  outside  runs  perfectly  true,  the  cored  hole  would 
be  so  out  of  true  that 
it  could  not  be  finished. 
If  the  cored  hole  is  set 
to  run  true,  then  the 
outside  cpuld  not  be 
finished  all  over.  In 
such  a  case,  the  work 
I  should  be  so  set  that 
both  the  Outside  and  the 
cored  hole  run  enough 
out  of  true  to  equalize 
the  difference.  By  thus 
dividing  up  the  eccen- 
tricity, or  the  amount 
by  which  the  outside 
and  the  hole  are  out  of 
center,  it  will  be  fotind  that  the  work  can  be  finished  all  over 
to  the  desired  size,  as  shown  by  the  dotted  lines  in  (b)  lying 
wholly  within  the  outhne  of  the  work. 
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55.  Spring  of  Work  Fiom  Pressure  of  Jaws. — When 
the  work  is  light  or  frail,  there. is  much  danger  of  springing 
under  the  pressure  of  the  jaws  necessary  to  hold  the  piece. 
In  gripping  a  piece,  advantage  should  be  taken  of  the  shape 
of  the  work  to  have  the  jaws  of  the  chuck  come  against  the 
more  solid  parts.  For  example,  in  chucking  a  pulley,  it  should 
be  so  set  that  the  jaws  come  opposite  the  arms  of  the  pulley. 
The  pulley  is  later  put  on  a  mandrel  and  turned,  which  will 
correct  the  springing.  Suppose  that  a  ring  is  held  in  the 
chuck,  as  shown  in  Fig.  30. 
When  the  jaws  are  tight- 
ened, the  work  is  sprung 
opposite  each  jaw.  If  a 
cut  is  taken,  the  work  will 
be  bored  true  and  round 
while  under  pressure  of  the  —■ j  | 
jaws.  When  this  pressure 
is  relieved,  it  will  be  found 
that  the  work  will  no  longer 
be  true,  but  will  spring 
back  to  its  normal  shape. 
This  will  cause  the  work  to 
be  out  of  round,  as  shown  ^"^'  ^^ 

in  Fig.  31,  the  dotted  lines  indicating  the  true  circle.  In  such 
cases  the  jaws  of  the  chuck  should  be  loosened  and  the  ring 
reset  before  taking  the  finishing  cut.  The  jaws  should  be 
t^htened  so  that  the  pressure  will  be  just  sufficient  to  hold 
the  work  during  the  hght  finishing  cut. 

56.  Advantages  of  IMfferent  Chucks. — Independent 
chucks  are  generally  stronger  and  better  adapted  to  irregular 
forms  of  work  than  either  of  the  other  types.  Universal 
chucks  are  best  adapted  to  regular  work;  they  save  much 
time  because  of  the  ea.se  and  rapidity  with  which  the  work 
may  be  centered.  Combination  chucks  answer  for  both  pur- 
poses, but  require  a  little  more  care  to  keep  them  in  proper 
condition. 
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USE    or    CHUCKS 

57.  Selection  of  Chuck. — If  the  hole  to  be  bored  has 
the  same  center  as  the  outside  of  the  work — that  is,  is  con- 
centric with  the  outside  of  the  work — ^the  universal  chuck 
can  be  used.  If  the  work  does  not  run  satisfactorily,  it  can 
be  partly  turned  around  in  the  chuck,  and  tried  in  various 
positions.  If  this  is  not  sufficient  to  make  the  part  to  be 
bored  run  sufficiently  true,  pieces  of  paper  or  brass  can  be 
placed  between  a  jaw  of  the  chuck  and  the  work.  When  this 
amount  of  trouble  is  necessary,  an  independent  chuck  would 
be  the  better  one  to  use. 

58<  DriU  chucks  of  alt  kinds  are  placed  on  shanks  fitting 
the  holes  in  lathe  spindles,  and  are  used  for  such  work  as 
drilling  holes  and  filing  pins.  The  heavier  drill  chucks  are 
sometimes  employed  for  light  turning;  but  as  this  is  liable 
to  spring  them,  they  should  not  be  used  for  this  purpose. 

59.  Care  In  Us©  of  Chucks. — In  putting  a  chuck  on 
the  lathe,  its  thread  and  that  on  the  spindle  should  be  cleaned; 
then  it  should  be  held  carefully  against  the  nose  of  the  spindle 
while  the  belt  is  pulled  by  hand.  It  is  not  good  practice  to 
start  the  lathe  by  power,  and  hold  the  chuck  against  the 
spindle,  expecting  the  thread  in  the  chuck  to  catch  squarely 
on  the  spindle  thread;  neither  is  it  good  practice  to  let  the 
spindle  screw  into  the  chuck  up  to  the  thread  with  a  bang. 
This  often  causes  the  chuck  to  stick  so  tightly  to  the  spindle 
that  it  becomes  difficult  to  remove.  When  the  chuck  does 
stick  on  the  spindle,  it  may  be  loosened  by  standing  a  block 
of  wood  on  the  back  V's,  and  allowing  a  jaw  of  the  chuck 
to  come  down  on  this  block.  The  lathe  is  then  put  on  the 
slowest  speed,  and  run  backwards  by  hand,  which  loosens 
the  chuck;  one  or  more  quick  raps  of  the  jaw  on  the  block 
will  aid  greatly. 

60.  Chucks  should  not  be  hammered,  nor  should  a  piece 
of  pipe  be  used  as  an  extension  to  the  chuck  wrench  to  give 
greater  leverage;  in  either  case,  the  chuck  may  be  sprung  or 
broken.     In  gripping  a  large  piece,  the  jaws  shpuld  not  be 


^dbyGoOgle 


§15 


LATHE  WORK 


run  out  so  far  that  only  a  small  part  of  the  thread  holds  on 
the  screws,  as  the  threads  may  be  damaged,  and  the  body  of 
the  chuck  may  be  sprung, 

SPECIAL    CHCCKS 

61.  Some  work  is  of  such  shape  that  the  ordinary  lathe 
chuck  win  not  hold  it  with  sufficient  nudity  to  take  heavy 
cuts.  In  this  case,  special 
chucks  may  be  made,  when  there 
are  enough  pieces  to  be  turned 
to  warrant  the  cost.  For  ex- 
ample, the  cone  pulley  shown  h 
Yis-  28  may  best  be  held  in  i 
special  chuck,  such  as  that  shown  1 
in  Fig.  32.  This  chuck  consists 
of  a  bell-shaped  casting  a  that  is 
fitted  to  the  spindle  b  of  the 
lathe.  The  outer  end  is  bored 
to  receive  the  work  c,  which  is  ^'°-  '^ 

held  in  place  by  setscrews  d  at  the  sides.     This  form  of  chuck 
holds  the  work  with  great  rigidity  and  makes  possible  the 
taking  of  heavy  cuts  that  otherwise  could  not  be  made.     It 
is  also  used  to  a  large  extent  for  special  manufacturing  pur- 
poses in  many  shops.     For  special  work,  other  forms  of  chucks 
may  be  devised  that 
depend  on  the  shape 
of  the  work. 

62.     Cbucklng 
on   Face    Plate. 

When  the  work  is 
large  or  heavy,  or 
for  other  reasons 
cannot  be  held  in 
^"^-  ^  the  chuck,  it  may  be 

fastened  to  the  face  plate  by  means  of  bolts,  straps,  and  paral- 
lels. Work  on  the  face  plate  must  be  secured  firmly,  so  that 
it  will  not  slip  because  trf  its  weight  or  the  pressure  of  the  tool. 
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63.  Adjustable  Jaws  for  Face  Plates. — For  securing 
work  on  the  face  plate,  and  to  enable  the  operator  to  chuck 
similar  pieces  successively  with  the 
least  amount  trf  labor,  adjustable 
jaws  are  frequently  clamped  on  the 
face  plate.  The  adjustable  jaw 
'  usually  consists  of  a  block,  as  a,  ■ 
Fig.  33,  in  which  the  jaw  b  works. 
The  blocks  are  clamped  to  the  face 
plate  by  means  of  T  bolts  c.  This 
really  makes  the  face  plate  a  special 
form  of  chuck.  A  face  plate  fitted 
with  these  adjustable  jaws  is  shown 
in  Fig.  34.  The  jaws  have  the  ad- 
vantage that  they  can  be  placed 
evenly,  as  shown,  or  they  can  be 
arranged  unevenly  to  accommodate 
^'^' "  irregular  work,  either  placing  some 

of  the  jaws  nearer  the  center  than  others,  or  spacing  them 
irregularly  in  the  different  slots  in  the  face  plate.  The  entire 
piece  that  is  attached  to  the  face  plate  is  usually 
called  a  jaw,  but  in  reality  only  the  porti<Mi  b  is 
the  jaw,  ajid  these  pieces  b  may  be  made  re- 
versible, thus  giving  a  greater  range  of  work 
that  can  be  held  by  this  device.  . 

64.  Sometimes,  simpler  forms  of  jaws  may  '"'^ 
be  used,  as  shown  in  Fig.  35.  These  consist  of 
L-shaped  castings  s  bolted  to  the  face  plate  and 
provided  with  setscrews  for  securing  the  work. 
The  shoulder  below  the  point  of  the  setscrcw  > 
should  be  turned  off  so  that  the  dimension  a  is 
the  same  on  all  of  them.  This  will  enable  the 
operator  to  place  work  against  these  shoulders 
during  chucking. 

65.  ClamplngRegularWork.— InFig.36  ^"^'^ 

is  illustrated  a  very  simple  method  of  clamping  a  large  ffange 
to  a  face  plate  when  it  is  only  desired  to  bore  the  hole  in  the 
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center  rd  the  flange,  and  to  face  the  hub/,  the  stuface  r  being 
left  rough.  This  method  will  do  very  well  where  the  back  face 
of  the  Qasige  may  be  clamped  directly  to  the  face  plate  or  on 
parallel  blocks,  and  where  but  a  single  hub  is  to  be  operated 
on.  If  it  becomes  necessary  either  to  face  the  surface  r  or 
to  operate  on  a  niimber  of  pieces,  it  is  best  to  use  jaws  similar 
to  those  illustrated  in  Figs.  34  and  35. 

66.  Clamping  of  Rocker-Arm. — When  it  is  desired 
to  clamp  a  rocker-arm  similar  to  the  one  shown  in  Fig.  37, 
three  chucldng-block  jaws  similar  to  those  shown  in  Fig.  35 


may  be  used.  They  are  placed  at  c  and  bear  against  three  sides 
of  the  large  hub  of  the  rocker-arm.  The  work  is  held  securely 
against  the  face  plate  by  means  of  the  two  clamps  d,  as  shown 
in  Pig.  37,  Fig.  38  is  a  section  on  the  line  a  b.  Fig,  37,  and  shows 
the  arrangement  of  the  clamps  and  blocking;  e  is  the  arm,  d  are 
the  clamps,  g  the  blocks,  and  /  the  bolts.  Care  should  be  taken 
to  see  that  the  blocks  g  are  of  exactly  the  height  of  the  work, 
so  that  the  clamps  d  will  set  level  or  parallel  to  the  face  plate. 
The  bolts  /  should  be  placed  as  close  to  the  work  as  possible. 

67.    If  strain  is  brought  on  the  work  e  by  the  clamps  d, 
Fig.  38,  it  is  evident  that  there  will  be  danger  of  springing 
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the  arm  between  its  hubs  or  bosses.  To  overcome  this,  a 
block  is  placed  under  the  arm,  on  each  side,  as  shown  at  ;".■ 
In  order  to  balance  the  portion  of  the 
rocker-arm  extending  to  one  side  of 
the  center  and  the  clamps  and  bolts  d 
and  /,  a  counterweight  w,  Fig.  37,  may 
be  attached  to  the  opposite  side  of  the 
face  plate,  as  shown,  and  adjusted  in 
or  out  until  it  balances  the  whole  ex- 
actly. Such  work  as  this,  which  has  a 
number  of  faces  that  must  be  finished 
in  certain  relations  to  one  another, 
should  be  laid  out  before  attempt- 
ing to  set  it  in  the  chuck  or  on  the 
face  plate.  The  work  is  to  be  bored 
to  the  circle  indicated  by  the  dotted 
line,  and  may  be  set  so  that  it  will 
"'  nm  true  with  this  circle  by  testing 

with  a  scriber  or  pointed  tool  held  in  the  tool  post. 

68.  Use  of  Paper  on  Face  Plate. — When   a  finished 

surface  is  to  be  clamped  against  the  face  plate  or  any  other 
metal  surface,  the  danger  of  its  slipping  can  be  greatly  reduced 
by  putting  a  slip  of  paper  between  the  two  surfaces  where 
each  clamp  is  appUed.  If  this  precaution  is  not  taken,  it 
will  be  found  almost  impossible 
to  clamp  the  work  so  that  it 
will  resist  the  action  of  the  bor- 
ing and  turning  tools, 

69.  Pulley  Clamp.— Pul- 
leys that  must  be  bored  and 

turned  can  be  clamped  by  means 
of  the  arms.  Fig.  39  illustrates 
a  clamp  intended  for  this  pur- 
pose. The  block  a  is  bolted  to 
the  face  plate  and  supports  an  adjustable  clamp  c  having  a 
turned  portion  that  fits  in  a  socket  in  the  block  a,  and  is 
secured  by  the  setscrew  d.    The  puUey  arm  b  is  held  in  the 
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clamp  c  by  the  setscrew  e.     Similar  clamps  caji  be  devised  for 
holding  a  great  variety  of  irregularly  shaped  work. 

70.  Angle  Plate. — A  very 
convenient  attachment  for  face- 
plate work  is  the  angle  plate,  as 
shown  at  o,  Fig.  40.  This  angle 
plate  is  so  made  that  its  two 
faces  are  at  an  angle  of  90°  with 
each  other,  and  it  is  used  when 
it  is  desired  to  finish  two  faces  | 
of  a  piece  square  with  each 
other,  as,  for  instance,  the  flanges 
of  a  pipe  elbow.  One  face  is 
clamped  to  the  angle  plate  as 
shown.  This  holds  the  other 
face  of  the  elbow  in  such  a  posi- 
tion that  it  will  be  cut  square  *'"'■  ** 
with  the  first  face.  This  angle  plate  may  be  used  to  great 
advantage  for  many  operations  in  face-plate  work. 


SOLID    MANDREU 

71.  In  many  shops  the  terms  mandrel  and  arbor  are 
vmderstood  to  have  the  same  meaning.  More  commonly, 
however,  a  mandrel  is  understood  to  be  a  centered  shaft  or 
spindle  driven  into  the  hole  in  a  bored  piece,  so  that  the  piece 
may  be  held  between  lathe  centers  while  the  outside  is  turned; 
it  also  means  the  straight  or  tapered  form  on  which  a  black- 
smith foi^es  a  ring,  or  a  piece  about  which  metal  is  cast. 
The  term  arbor  is  used  mainly  to  denote  the  shaft  or  holder 
on 'which  a  saw  or  a  milling  cutter  is  placed,  and  by  which 
it  is  driven. 

72.  ffliape  of  BoUd  Mandrel. — ^A  mandrel  is  commonly 
used  on  work  having  a  bore  3  inches  in  diameter  or  less. 
The  best  form  is  the  solid  one  made  from  tool  steel,  hardened 
and  tempered,  such  as  that  shown  in  Fig.  41.  It  is  made 
slightly  under  size  at  the  ends,  so  that  the  dog  may  be  put  on. 
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The  center  holes  should  be  carefully  made  so  that  they  will 
not  be  injured  by  driving.  Fig.  42  shows  a  section  through 
the  end  of  a  propCTly  formed  center  hole  in  a  lathe  mandrel. 
It  will  be  noticed  that  the  edges  of  the  center  hole  are  well 
rounded.  This  fonn  is  given  to  the  center  hole  so  that  if 
the  mandrd  is  bruised  on  the  end  from  any  cause,  there  will 
be  less  danger  of  the  center  hole  being  destroyed.  If  the 
end  of  the  mandrel  were  flat,  and  it  should  be  bruised  near 
the  center  hole,  a  sbght 
bump  would  be  raised  on 
one  side  of  the  hole  that 
'"'' "  would  be  sufficient  to  throw 

the  mandrel  slightly  out  of  true.  To  preserve  the  center  holes 
further,  the  mandrel  is  hardened.  The  center  holes  should  be 
made  with  great  care,  the  angle  being  60°,  so  that  they  will 
exactly  fit  the  lathe  center.  In  the  best  mandrels,  the  center 
holes  are  ground  true  after  hardening.  The  central  portion 
of  the  mandrel  is  carefully  ground  to  size,  bnng  made  slightly 
tapered. 

73.  The  small  end  of  the  mandrel  is  generally  about  the 
exact  size,  while  iiie  large  end  is  from  .002  to  .003  indi  larger, 
depending  on  the  length  of  the  mandrel  and 
the  length  of  the  work  to  be  turned.  The 
taper  of  mandrels  may  be  from  .005  to  .01 
inch  per  foot.  The  large  end  is  distinguished 
by  having  the  size  of  the  mandrel  stamped 
on  it.  Mandrels  are  ground  to  standard 
sizes  and  should  fit  holes  reamed  with 
standard  reamers.  The  necessity  of  keeping  i 
them  true  may  readily  be  seen  when  a 
pulley  or  similar  piece  is  to  be  turned  true  with  a  part  that 
has  been  bored  and  reamed.  If  the  mandrel  is  untrue,  the  hole 
will  run  untrue  as  the  work  revolves.  The  rim  or  part  of  the 
work  being  turned  will  be  cut  true  with  the  machine,  but  will 
not  be  true  with  the  bore.  When  the  finished  pulley  is  placed 
on  a  shaft  that  runs  true,  the  rim  of  the  wheel  will  wabble. 
It  may  be  seen  that  an  untrue  mandrel  will  always  produce 
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untrue  work  and  lead  to  a  great  deal  of  trouble.  Mandrels 
may  become  untrue  from  the  wear  of  the  center  holes,  and 
from  their  being  sprung  when  driven  into  the  work,  or  by 
taking  too  heavy  a  cut  on  the  work  for  which  they  are  used. 

74.  Care  of  Centers  of  Mandrels. — ^When  the  mandrel 
is  placed  on  centers,  the  dead-center  hole  should  be  well  oiled, 
and  the  center  run  carefully  into  the  hole.  It  is  so  adjtisted 
that  the  mandrel  will  turn  freely  between  centers  withoyt 
lost  motion.  If  the  work  or  the  mandrel  heats,  the  pressure 
due  to  the  expansion  will  force  the  oil  out  of  the  center  hole, 
catising  the  center  to  heat  and  squeak.  At  the  first  sug- 
gestion of  squeaking,  the  lathe  should  be  stopped,  the  center 
slacked  off,  well  oiled,  and  readjusted  to  working  conditions, 

75.  Putting  Mandrels  In  Work.-r-When  a  mandrel  is 
put  in  a  piece  of  work,  it  is  usually  driven  in.  The  hole  and 
the  mandrel  are  coated  with  oil,  to  keep  the  surfaces  from 
cutting,  and,  while  the  work  is  well  supported  on  the  driving 
block,  the  mandrel  is  driven  in  with  a  mallet  or  soft-faced 
hanuner.  Hard-faced  hammers  should  never  be  used  for 
(Jriving  mandrels.  Babbitt  or  rawhide-faced  hammers  are 
the  best.  If  the  work  is  small,  much  driving  is  unnecessary. 
If  the  pieces  fit  well,  it  will  take  but  little  pressure  to  force 
the  mandrel  into  the  work  sufficiently  to  keep  it  from  slipping. 
The  practice  of  some  workmen  of  driving  a  mandrel  as  long 
as  it  can  be  moved  is  bad. 

76.  When  driving  a  mandrel,  care  should  be  taken  to 
strike  fair  blows  on  the  end,  as  untrue  blows  are  liable  to 
spring  it.  Mandrels  fit  best  when  driven  in  from  the  large 
end  of  the  hole  in  the  work.  When  roughing  cuts  are  to  be 
taken,  however,  the  mandrel  is  sometimes  driven  in  from  the 
small  end  of  the  hole,  as  this  stretches  the  small  end,  and 
makes  a  more  nearly  parallel  hole.  The  finishing  is  best  done 
with  the  mandrel  driven  in  from  the  large  end  of  the  hole. 

77.  Mandrel  Press. — A  far  better  way  of  putting  man- 
drels in  the  work  is  by  the  use  of  a  mandrel  press.  Fig.  43 
shows  a  style  of  press  used  for  this  purpose.     It  consists  of  a 
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heavy  cast-iron  frame,  to  which  is  fitted  a  plunger  a  that  is 
operated  by  the  hand  lever  6,  When  a  mandrel  is  to  be 
pressed  into  a  piece  of  work,  the  work  and  the  mandrel  are 
brought  imder  the  plunger  so  that  the  mandrel  may  be  pressed 
,  in  with  a  direct,  uniform  load.  These  presses  are  much  more 
convenient  for  putting  in  mandrels  than  the  method  of  driv- 
ing. Sometimes  a  mandrel  may  be  sprui^  by  driving  it 
into  a  crooked  hole,  if  the 
hole  is  long  and  the  mandrel 
slender. 

After  a  mandrel  is  driven 
into  the  work  with  a  soft- 
faced  hammer,  the  center  hole 
should  be  carefully  cleaned 
before  the  work  is  put  be- 
tween the  lathe  centers. 
Dirt  in  the  center  holes  of  a 
mandrel  has  the  same  result 
in  making  work  untrue  as 
untrue  lathe  centers. 

78.  Heavy  Cuts  on 
Light  Mandrels. — ^Very 
often  a.  mandrel  is  sprung  by 
taking  too  heavy  a  cut.  This 
is  particularly  true  if  the 
work  is  large.  For  small 
work,  the  mandrel  will  have 
sufficient  friction  in  the  work 
to  drive  it  so  that  a  dog  may 
be  put  on  the  mandrel;  but  if 
the  work  is  large  and  the  bore  is  small,  the  mandrel  will  not 
have  sufficient  friction  to  drive  it.  The  mandrel  can  then  be 
used  only  to  support  the  work,  while  the  driving  should  be 
done  by  a  pin  or  a  stud  on  the  face  plate.  When  the  work  is 
thus  driven,  it  is  possible  to  take  heavy  cuts;  but  if  a  deep, 
heavy  cut  is  taken  on  the  outside  of  a  large  piece  supported 
on  a  small  mandrel,  the  side  thrust  of  the  tool  will  act  with 
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such  a  leverage  on  the  work  that  it  will  spring  the  mandrel. 
Light  cuts,  therefore,  must  be  taken.  When  cutting  close  to 
a  mandrel  with  a  side  tool,  as  is  the  case  when  facing  hubs 
or  similar  work,  care  should  be  taken  not  to  cut  into  the  man- 
drel. The  mandrel  may  be  hardened,  but  it  is  not  harder 
than  the  tool  point, 

79.  Cast-iron  Bolld  Mandrels. — ^When  solid  mandrels 
o£  large  size  are  to  be  used,  they  are  sometimes  made  of  cast 
iron.  The  ends  of  such  a  mandrel  are  drilled,  and  steel  plugs 
are  fitted  for  the  center  holes.  The  plugs  are  hardened  after 
the  center  holes  are  correctly  made,  and  are  driven  or  screwed 
into  the  cast-iron  body.  When  cast-iron  boring  bars  are  made, 
it  is  better  to  use  hardened-steel  center  plugs. 


EXPANDING     UANDBEIS 

80*  Advantages  of  Expanding  Mandrels. — ^Although 
the  hardened  solid  steel  mandrel  is  the  best  form,  some  incon- 
veniences arise  from  its  exclusive  use.  In  order  to  be  prepared 
for  all  sizes  of  work,  a  very  large  stock  of  mandrels  would  be 
necessary.  This  leads  to  inconvenience  in  some  shops,  while 
in  other  shops  it  is  beneficial.  Shops  doing  a  great  variety  of 
work,  where  all  sizes  of  holes  are  bored,  demand  a  mandrel 
that  can  be  adjusted  to  slight  differences  of  diameter.  Shoi>s 
that  are  making  a  particular  line  of  work,  where  many  pieces 
are  turned  to  the  same  size,  are  benefited  by  using  the  solid 
mandrel;  first,  because  it  is  more  accurate  in  itself;  and,  second, 
it  acts  as  a  second  check-gauge  on  the  work.  If  a  piece  that 
has  been  bored  too  large  gets  into  the  lot,  it  cannot  be  finished, 
since  the  mandrel  will  not  hold  the  work.  When  the  cost  of 
keeping  a  lot  of  mandrels  up  to  a  standard  size  is  considered, 
the  type  of  mandrel  that  will  expand  within  certain  limits  and 
fit  all"  sizes  of  holes  within  these  limits  is  much  cheaper  than  a 
great  stock  of  solid  mandrels. 

81.  Types. — One  type  of  expanding  mandrel  is  shown 
in  Fig.  44.  It  consists  of  a  tapered  part  a  that  fits  into  a 
tapered  split  bushing  b.     The  bushing  is  ground  round  and 
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parallel  on  the  outside.  As  the  tapered  mandrel  is  driven 
into  the  work  and  the  bushing,  the  latter  expands,  thus  filling 
the  hole.  The  method  of  splitting  the  bushing  as  here  shown 
allows  it  to  spring  and  expand  evenly  within  qitite  a  wide 
range  of  limits. 

82.    Another  form  of  expanding  mandrel  is  shown  in  Fig,  45. 
It  consists  of  a  steel  mandrel  that  has  been  centered  with 


the  same  care  found  necessary  in  sohd  mandrels.  Fotir  rect- 
angular grooves  are  cut  along  its  sides,  these  grooves  being 
cut  deeper  at  one  end  than  at  the  other.  A  sleeve  $■  fits  loosely 
oyer  the  mandrel,  and  has  slots  cut  in  its  sides,  which  come 
opposite  the  grooves  cut  in  the  mandrel.  A  hardened-steel 
jaw  slides  loosely  in  each  groove  and  slot.  As  the  sleeve 
moves  along  the  mandrel,  it  carries  the  jaws  with  it,  and,  ■ 
because  of  the  varying  depths  of  the  slots,  the  jaws  arc  moved 
in  or  out,  according  to  the  direction  in  which  the  sleeve  is 
moving  on  the  arbor.  With  this  type  of  mandrel,  different 
sets  of  jaws  of  different  heights  may  be  used,  which  will  give 


it  a  range  for  different  sizes  of  holes.  When  the  work  is  thick 
enough  to  be  stiff,  so  that  it  cannot  be  sprung,  these  mandrels 
are  very  convenient;  but  there  is  danger  of  springing  the 
work,  due  to  the  outward  pressure  of  the  four  jaws. 

83.  <"one  Man<lrelH. — For  some  classes  of  work,  a  cone 
mandrel,  as  shown  in  Fig.  4fi.  is  used.  It  consists  of  the 
central  piirt  a,  to  which  arc  filled  two  cone-shaped  pieces  c. 


^dbyGoogle 


§15 


LATHE  WORK 


One  piece  is  held  from  sliding  along  the  mandrel  by  the  shoul- 
der s.  The  work  is  placed  between  the  cones,  and  the  second 
cone  is  tightened  against  the  work  w  by  the  nut  d.    The 


cones  are  kept  from  turning  on  the  mandrel  by  keys.  This 
is  a  very  convenient  way  of  holding  work  that  does  not  require 
great  accuracy  in  being  turned. 

84.  Special  Expanding  Mandrel. — ^Another  form  of 
mandrel  for  carrying  bored  or  cored  work  that  is  being  turned 
and  faced  is  shown  in  Fig,  47.  A  heavy  bar  is  drilled  and 
tapped  so  that  screws  may  be  put  in  square  with  the  bar. 


as  shown  at  s.  The  circles  around  the  bar  in  which  the  screws 
are  placed  are  at  such  a  point  that  the  screws  come  near  each 
end  of  the  work.    The  work  is  adjusted  and  held  in  place  by 


;dbv  Google 


LATHE  WORK 


§15 


unscrewing  the  screws  from  the  bar,  thiis  bringing  the  pres- 
sure on  the  heads  of  the  screws. 

85.  Center  Spiders. — Lai^e  and  long  pipes  and  other 
hollow  work  may  be  held  and  centered  by  the  use  of  the  cen- 
ter spiders  shown  in  Fig.  48.     The  center  spider  consists  of 


Pig,  48 

a  cast-iron  body  a  having  three  or  more  arms  b,  into  each 
of  which  is  screwed  radially  a  screw  c  with  a  pointed  head. 
Each  body  or  spider  has  a  center  hole,  either  drilled  and  reamed 
in  the  body,  or  made  in  a  steel  piece  d  that  is  hardened  and 
driven  into  the  body.  A  center  spider  is  placed  in  each  end 
of  the  hole,  and  so  ad- 
justed by  the  screws  that 
the  work  runs  true  on  the 
outside  for  turning.  The 
four-arm  spider  is  mostly 
used  for  large  work. 

86.  Bridges  in 
Castln^rs.  — W  hen 
heavy  cast  work  has  a 
tapered  cored  hole  that 
would  make  it  difficult  to  use  the  centers  just  described,  it  is 
customary  to  cast  a  bridge  across  the  end  in  which  the  center 
hole  may  be  placed.  Such  a  bridge  is  shown  at  b,  Fig.  49.  A 
similar  bridge  should  be  cast  at  the  other  end  of  the  work. 
After  the  turning  is  done,  these  bridges  can  easily  be  cut  out, 
if  so  desired.  It  is  usually  better  to  retain  them,  as  their 
removal  is  liable  to  spring  the  casting. 
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87.  After  a  nut  is  tapped,  it  is  still  fiui:her  finished  by 
facing  so  that  it  will  be  true  with  the  thread.  To  do  this, 
the  nut  is  usually  screwed  on  a 
mandrel  that  has  been  threaded 
up  to  a  shoulder.  Such  a  man- 
drel is  shown  in  section  in  Fig.  50 
with  the  nut  in  place.  It  will  be 
seen  that  if  the  nut  has  not  been 
tapped  squarely,  and  if  it  fits 
loosely  on  the  mandrel,  it  will 
first  come  against  the  shoulder  at 

one  side,  as  at  the  point  a.    As  soon  as  this  point  touches,  the 

nut  will  be  rocked  on  the  thread  so  that  the  axis  of  the  nut 

thread  will  not  be  parallel  to  the  axis  of  the  mandrel.     If  the 

nut  should  be  faced  while  in  this 

position,  the  face  would  not  be 

,  true  with  the  tapped  thread. 

88.  To  overcome  this  diffi- 
culty, some  sort  of  equalizing 
washer  must  be  put  between  the 

shoulder  of  the  mandrel  and  the 
fkj.  si  .         ,  , 

nut,  so  that  the  nut  cannot  be 

thrown  out  of  line,  but  will  be  held  back  squarely  against  the 
threads.  Such  a  device  is  shown  in  section  in  Fig.  51.  The 
shoulder  of  the  mandrel  is 
rounded  to  a  spherical  shape, 
and  the  equalizing  washer  is 
concaved  to  fit  the  rotmd  end 
of  the  mandrel.  This  makes 
a  joint  similar  to  a  ball-and- 
socket  joint.  When  the  nut  « 
is  screwed  against  the 
washer  w,  and  it  bears  heavier 
on  one  side  than  the  other,  the  washer  at  once  rocks  on  the 
rounded  end  of  the  mandrel,  and  adjusts  itself  to  the  face  of 


^dbyGoOgle 


50  LATHE  WORK  §  16 

the  nut.  Sometimes  an  equalizing  washer,  as  shown  in  Fig.  52, 
is  used.  The  shoulder  of  the  mandrel  in  this  case  is  squared. 
On  one  face  of  the  washer  are  two  projecting  points  a  diametri- 
cally opposite  each  other.  On  the  other  face  of  the  washer  are 
two  other  points  b  diametrically  opposite,  but  quartering  with 
those  on  the  first  side.  When  the  nut  is  screwed  against 
the  wa^er  thus  supported,  it  is  free  to  rock  in  any  direction, 
with  the  result  that  it  centers  itself  with  its  threads,  and  not 
with  the  face  of  the  mandrel. 


^dbyGoOgle 


LATHE- WORK 

(PART  2) 


LATHE  TOOLS 


THEORY  or  CUTTINO  TOOLS 


CUTTINO    PBOPEBT1B8    OF    TOOLS 

1.  Requirements  of  Cutting  Tool. — The  cutting  tool 
used  on  a  lathe  is  the  part  that  cuts  away  the  metal  that 
must  be  removed  to  bring  the  piece  to  the  desired  size  and 
shape.  The  tool  may  be  forged  from  a  bar;  or  it  may  consist 
<rf  a  blade  fixed  in  a  holder;  or  it  may  be  a  drill,  a  reamer, 
a  tap,  or  some  other  special  tool.  The  forged  tool,  which' is 
the  most  common,  is  made  from  bar  steel  of  a  size  corre- 
sponding to  that  of  the  lathe  on  which  it  is  to  be  used.  The 
bar  should  be  large  enough  to  work  with  the  least  amount 
of  vibration,  and  so  that  the  heat  caused  by  the  cutting  will 
be  conducted  away  quickly,  even  if  a  lubricant  is  not  used. 
The  cutting  edge  of  the  tool  must  be  sharp  enough  to  separate 
the  chip  from  the  work  by  the  use  of  the  least  amount  of 
power;  but  it  must  also  be  strong  enough  to  cut  for  a  reasonable 
length  of  time  without  being  reground. 

2.  Theory  of  Cutting  Tools  Applied  to  Hand  Tools. 

In  discussing  a  cutting  tool  "from  a  theoretical  standpoint, 
attention  will  first  be  given  to  that  part  known  as  the  cutting 
wedge,  which  enters  the  work  and  severs  or  removes  a  part 
known  as  the  shaving. 
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The  cutting  qualities  of  a  tool  are  governed  largely  by  the 
shape  of  the  cutting  point  or  cutting  edge.  The  first  principles 
can  best  be  understood  by  considering  the  action  of  a  chisel 
when  cutting  a  block  of  wood.  If  a  chisel  is  placed  in  the 
center  of  a  block,  as  shown  in  Fig.  1,  and  pressure  is  applied 
endwise  as  indicated  by  the  arrow,  the  chisel  will  be  forced 
into  the  block,  bending  each  side  out  equally  until  the  block 
splits.  The  force  required  to  push  the  tool  into  the  work 
will  depend  on  the  strength  of  the  block  and  on  the  angle  a 
of  the  cutting  wedge.  If  there  are  two  blocks,  as  in  (a)  and  (6), 
of  the  same  strength,  it  can  easily  be  seen  that  more  power 


is  required  to  force  the  blunt  wedge  b  into  the  work  than  the 
thinner  wedge  a. 

3.  In  Fig.  2  (a)  is  shown  a  chisel  cutting  a  block.  The 
edge  of  the  chisel  is  groimd  to  an  acute  angle  a  the  same  as 
the  wedge  in  Fig,  1  (a).  Fig.  2  {b)  represents  a  similar  block 
being  similarly  cut  with  a  tool  groimd  with  a  blunt  cutting 
edge,  the  cutting  angle  b  being  equal  to  the  angle  of  the  wedge  b. 
Fig.  1  (6).  In  estimating  the  force  necessary  to  push  each 
of  the  tools  along  its  cut,  it  will  be  seen  that  the  blunt  tool 
will  require  the  greater  'force,  for  the  same  reason  that  the 
blunt  wedge,  Fig.  1  (6),  required  the  greater  force  to  push  it 
into  the  block.  In  Fig.  2  (a)  the  shaving  is  forced  from  the 
block,  and  slightly  bent  away;  but  in  (6)  the  shaving  is  very 
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much  bent  and  broken.  This  bending  and  breaking  of  the 
shaving  at  the  time  of  severing  it  from  the  block  absorbs 
an  extra  amount  of  power. 

4.  The  direction  of  the  force  reqtiired  to  turn  the  sha\Tng 
is  represented  graphically  by  drawing  a  line  at  right  angles 
to  the  cutting  face  of  the  tool.  In  Fig,  2  (a)  the  pressure  on 
the  face  of  the  tool  is  square  with  the  beveled  face,  or  in  the 
direction  of  the  arrow  c.  The  intensity  of  the  pressure  varies 
with  the  thickness  of  the  shaving.  This  force  tends  to  hold 
the  tool  very  dose  to  the  work,  and,  if  it  were  not  for  the 
broad,  flat  face  of  the  tool,  it  would  be  pushed  deeper  into 


W 


the  work.  If  the  angle  of  the  tool  is  changed,  as  in  Fig.  3  (a), 
so  that  the  straight  face  /  of  the  tool  does  not  touch  the  work 
except  along  its  cutting  edge  e,  the  pressure  of  the  shaving 
will  be  sufficient  to  force  the  tool  into  the  work  so  that  as 
the  tool  moves  along  it  will  cut  deeper,  as  indicated  by  the 
dotted  line. 

S.  In  Fig.  2  (b),  in  which  the  tool  is  Very  blunt,  the  result 
of  the  pressure  against  the  tool  is  quite  different.  The  direction 
of  the  pressure  of  the  shaving  is  at  right  angles  to  the  beveled 
face  of  the  tool,  as  shown  by  the  arrow  c.  If  this  force  is 
divided  into  two  forces,  one  acting  against  the  direction  of 
tool  motion,  and  the  other  at  right  angles  to  it,  tending  to 
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hold  the  tool  in  the  cut,  the  greater  force  will  be  exerted  against 
the  direction  of  tool  motion,  and  but  little  pressure  tending" 
to  hold  the  tool  against  the  work.  If  the  tool  Js  made  square 
on  the  end,  as  shown  in  Fig.  4,  the  force  tending  to  hold  the 
tool  against  the  cut  will  be  entirely  eliminated,  and  the  cutting 
action  will  be  changed  from  a  shaving  to  a  scraping  action. 
In  these  hand  tools,  which  ^re  free  to  move  in  their  natural 
directions,  governed  by  the  angles  of  the  faces,  it  will  be 
noticed  that  the  tool  is  guided  by  one  of  its  cutting  faces 


sliding  on  the  heavier  part  of  the  work  and  that  the  other 
cutting  face  bends  the  shaving  out  of  its  place. 

6.    Theory   of   Cutting   Tools   Applied    to   Machine 

Tools.— It  has  been  shown  that,  of  the  two  tools  illustrated 
in  Fig.  2,  less  power  is  required  to  move  the  tool  with  the 
sharp  angle  a  than  is  necessary  to  force  the  tool  with  the  blunt 
cutting  edge  b.  This  was  true  when  the  tools  were  free  to 
follow  in  their  natural  courses.  When  the  tool  is  rigidly  held 
in  some  position,  and  forced  to  cut  along  some  other  line 
than  its  natural  one,  the  condition  becomes  very  much  changed, 
and  the  power  required  varies  accordingly.  Suppose  that  the 
tool  with  the  sharp  cutting  angle  shown  in  Fig.  2  (a)  is  pre- 
sented to  the  work  as  shown  in  Fig.  3  (6),  so  that  its  cutting 
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face  makes  the  same  angle  b  as  the  cutting  face  of  the  tool 
shown  in  Fig.  2  (6).  If  this  tool  is  held  rigidly  at  this  angle 
and  forced  along  the  work  in  the  direction  of  the  arrow  d, 
it  will  be  found  that  for  equal  depths  of  cuts  the  same  amount 
of  power  will  be  required  to  move  it  as  in  the  case  of  the  tool 
shown  in  Fig.  2  (fc).  From  this  it  may  be  seen  that  if  a  tool 
is  clamped  in  any  position  and  moved  along  a  certain  line  of 
motion,  the  cutting  action  depends  as  much  on  the  position 
it  holds  relative  to  the  work  as  on  its  exact  shape. 

7.  Angle  of  Clearance. — The  tool  shown  in  Fig.  2  (fc) 
is  much  stronger  than  that  shown  in  F^.  3  (6)  because  of  the 
greater  support  given  to  the  cutting  edge. 

In  Fig.  3  (b)  the  cutting  edge  has  very 
little  backing  or  support,  and  it  would 
break  at  once.  When  this  tool  is  held 
and  moved  as  shown  in  Fig.  2  (o),  it. is 
in  its  strongest  position.  When  it  is 
moved  so  that  its  face  makes  an  angle 
with  the  work,  its  strength  begins  to  de- 
crease as  the  angle  c,  Fig.  3  (b),  increases. 
This  angle  c  which  the  back  face  of  the 
tool  makes  with  the  work  is  called  the 
angle  of  clearance.    > 

8.  Angle  of  Keenness. — If  the  tool  '^'^'  * 

in  Fig.  2  (o),  which  is  held  in  its  strongest  position,  is  com- 
pared with  the  tool  shown  in  (fc),  it  will  be  seen  that  the  lat- 
ter is  the  stronger.  This  strength  is  due  to  the  support  given 
to  the  cutting  edge  because  of  its  bluntness.  The  angle  between 
the  cutting  faces  of  a  tool,  as  the  angle  a  or  b.  Fig.  2,  is  called 
the  angle  of  keenness  of  the  tool.  The  strength  of  a  cutting 
tool,  therefore,  depends  on  the  angle  of  clearance  and  the  angle 
of  keenness.  The  angle  of  keenness  of  a  tool  should  vary  with 
the  degree  of  hardness  of  the  material  to  be  cut.  For  turning 
soft  woods,  the  turning  tool  is  ground  very  keen,  or  so  that 
the  cutting  faces  make  a  very  thin  or  acute  angle  with  each 
other.  In  turning  metals,  the  cutting  edges  are  made  less  keen, 
depending  on  the  hardness  of  the  metal.     In  some  cases,  as  in 
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turning  chilled  cast-iron  rolls,  the  angle  formed  by  the  cutting 
edges  is  nearly  90°. 

9.  Angle  of  Rake. — A  diamond  point  is  shown  in  Fig,  5, 
with  lines  drawn  to  indicate  its  angles  of  rake  and  keenness. 

^  cfc  A  B  is  drawn  throi^h  the  point  0, 
■'  ^  J  parallel  to  the  base  of  the  tool.  C  D 
is  perpendicular  %o  AB  at  0.  EF  is 
parallel  to  the  top  face  of  the  tool 
at  0.  H  K  h  parallel  to  the  front 
edge  of  the  tool  at  0.  The  angle 
A  O  E  represents  the  angle  of  top 
front  rake  of  the  tool,  the  angle  DOH 
''"'■''  represents  the  angle  of   front   rake, 

and  the  angle  EOH  represents  the  angle  of  keenness,  These 
angles  as  here  described  refer  to  the  tool  alone.  When  the 
tool  is  clamped  in  the,  tool  post,  and  presented  to  the  work 
to  take  a  cut,  these  angles  assume  a  new  gelation  to  each 
other,  and  the  cutting  qualities  of  the  tool  depend  on  these 
new  relations. 

10.  A  diamond  point  correctly  set  for  turning  a  cylindrical 
piece  is  shown  in  Fig.  6.  To  measure  properly  the  angles 
of  the  tool  thus  set, 
draw  the  line  A  B  from 
the  center  of  the  work 
through  the  point  of  the 
tool,  and  draw  CD  per- 
pendicular to  A  S  at  0. 
Draw  E  F  parallel  to 
the  top  face  of  the  tool 
through  the  point  0, 
and  draw  H  K  parallel 
to  the  edge  of  the  tool. 

The  angle  AOE  is  then  the  angle  of  top  rake  of  the  tool, 
the  angle  EOH  the  angle  of  keenness,  and  the  angle  DOH 
the  angle  of  clearance.  The  difference  in  drawing  the  lines  in 
Figs.  5  and  6  begins  with  drawing  the  line  A  B.  After  this  line 
is  properly  drawn,  the  other  Unes  follow  in  the  same  course. 
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When  the  height  of  the  tool  is  changed,  the  angles  of  top  rake 
and  clearance  are  changed;  but  the  angle  of  keenness  depends 
on  the  shape  of  the  tool, 
and  is  not  affected  by  the 
setting.  When  the  top  face 
of  the  tool  is  ground  slop- 
ing from  one  side,  as  shown 
in  Fig.  7,  the  tool  has  top 
side  rake.  The  angle  of  top 
side   rake    is   measured    by  "*' 

drawing  A  B  parallel  to  the  base  of  the  tool  through  the 
point  5.  and  E  F  parallel  to  the  top  face  of  the  tool  through 
the  point  S;  then  the  angle  A  SE  is  the  angle  of  top  side  rake. 


CONDITIONS    OOVEBNINO    SHAPE    OV    TOOL 

11.  Conditions  Influencing  Angles. — The  angles  of 
rake,  clearance,  and  keenness  of  the  tool  depend  on  the  kind  of 
metal  to  be  cut,  the  hardness  of  the  metal,  and  the  kind  of  cut, 
whether  roughing  or  finishing.  Then,  even  after  the  several 
angles  of  the  tool  are  fixed,  the  manner  in  which  the  tool  is  set 
when  it  is  fed  up  to  the  work  may  alter  the  effect  of  the  angles. 
For  this  reason,  the  term  elective  angle  will  be  used  frequently 
in  connection  with  the  angles  of  tools  when  taken  in  rela- 
tion to  the  work  for  which  they  are  set.  As  an  example, 
refer  to  Fig.  6.  The  angle  of  keenness  of  the  tool  \s  EOH, 
but  when  the  tool  is  set,  the  effective  angle  of  keenness  is 
EOD,  which  is  equal  to  the  sum  of  the  angle  of  keen- 
ness EOH  and  the  angle  of  clearance  DO H.  In  like  man- 
ner, the  actual  angles  of  rake  and  clearance  may  be  affected 
by  the  setting  of  the  tool. 

12.  Effect  of  Kind  of  Het&l. — In  general,  it  may  be 
stated  that  for  soft  material,  such  as  mild  steel,  the  angles  are 
keener  than  for  hard  material,  such  as  chilled  cast  iron,  and  for  - 
some  materials  that  have  a  tendency  to  draw  the  tool  in,  as  brass 
or  copper,  the  angles  may  be  made  very  blunt  indeed ;  in  fact, 
negative  rake  is  often  given  to  them. 
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13.  Xlffect  of  Hardness  of  Metal. — The  angle  of  keen- 
ness varies  with  the  hardness  of  the  material.  Tools  for 
cutting  soft  steel  should  be  ground  with  sufficient  keenness 
to  enable  them  to  turn  long,  curly  shavings.  When  the  shav- 
ings come  ofE  in  large  curls,  and  are  very  strong,  it  indicates 
that  the  tool  is  properly  ground  and  set  in  the  machine. 
When  the  shavings  come  from  the  work  broken  in  small 
pieces,  it  indicates  that  the  tool  is  laboring  because  of  incorrect 
setting  in  the  machine  or  incorrect  grinding.  A  word  of 
caution  should  be  given  here  to  those  who,  for  the  first  time, 
see  a  tool,  properly  ground  and  set.  roll  off  a  beautifully  curled 


shaving.  Never  attempt  to  remove  the  shaving  from  the 
work  by  pulling  or  jerking  it.  A  good  steel  shaving  is  hot 
and  very  strong,  and  its  edges  are  as  keen  as  a  knife.  The 
shaving  may  slip  through  the  band,  cutting  the  flesh  in  a 
most  painful  way.  To  remove  the  shaving  from  the  cut, 
throw  out  the  feed  and  the  tool  will  cut  off  the  shaving. 

14.    Bake  for  Houghing  and  Finishing  Cuts. — The 

angle  of  top  rake  depends  on  the  nature  of  the  cut,  whether 
roughing  or  finishing.  Fig.  8  shows  a  piece  of  work  with 
the  tool  set  to  take  a  roughing  cut,  which  is  usually  a  heavy 
cut.  Here  the  cutting  is  done  along  the  left-hand  edge  O  S 
of  the  tool,  the  point  0  doing  a  very  small  part  of  the  work. 
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This  tool  should  be  ground  to  give  keenness  all  along  the 
cutting  edge  O  S,  which  is  done  by  giving  the  tool  top  side  rake. 
When  the  tool  is  used  for  a  fimshing  cut,  the  cut  is  very 
light,  and  most  of  the  cutting  is  done  with  the  point  of  the 
toolO.  In  this  case,  top  front  rake,  as  shown  in  Fig.  6,  should 
be  given.  Top  side  rake  and  top  front  rake  are  governed 
also  by  the  rate  of  feed  used,  a  tool  with  side  rake  using  less 
feed  than  one  with  front  rake. 

15.  A  case  is  shown  in  Fig.  9,  in  which  the  feed  is  coarse 
and  the  tool  point  broad,  so  that  the  rate  of  feed  per  revolu- 
tion, of  the  work  is  greater  than  the  depth  of  the  cut.  In  such 
a  case,  the  top  front  rake  should  exceed  the  top  side  rake. 
When  the  feed  is  fine  compared  with 

the  depth  of  the  cut,  the  top  side 
rake  should  be  the  greater. 

16.  Ettect  of  Feed  on  Shape 
of  Tool. — The  shape  and  width  of 
the  point  of  a  tool  depend  on  the 
feed  used,  and  this  depends  on  the 
nature  of  the  work.  In  finishing 
small  rods,  shafts,  or  spindles  that 

should  be  very  true,  the  roughing  ^"'^ 

cut  is  made  deep  with  as  coarse  feed  as  the  work  and  the  tool 
will  stand,  and  the  finishing  cut  is  light,  and  the  feed  com- 
paratively fine.  The  fine  feed  is  allowable  because  it  cuts 
the  work  very  true,  and  on  small  work  the  tool  will  quickly 
feed  over  it  and  remain  sharp  up  to  the  end  of  the  cut.  On 
large  work,  the  method  is  different.  Deep,  heavy  roughing - 
cuts  are  taken,  as  before;  but  the  finishing  cut  is  taken  with 
a  tool  that  has  a  broad,  flat  point  and  a  very  coarse  feed. 
When  the  work  is  heavy,  this  form  of  tool  can  be  used  and 
will  turn  comparatively  true;  but  on  slender  work  a  broad- 
nosed  tool  could  not  be  used  at  all.  A  broad-nosed  tool  should 
be  used  for  finishing,  whenever  possible.  It  saves  much  time 
because  of  the  coarse  feed  that  can  be  used,  and  the  tool  will 
usually  remain  sharp  imtil  the  end  of  the  cut,  unless  the  cut 
is  very  long. 
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17.  Change  of  Front  Top  Rake  to  Side  Top  Rake. 
The  angle  of  top  rake  may  be  changed  effectively  from  front 
top  rake  to  side  top  rake  by  swinging  the  tool  from  its  setting 
square  with  the  work,  and  clamping  it  so  that  it  cuts  ahead 
of  the  tool  post,  thus  changing  the  angle  of  the  tool  with 


the  work.  Fig.  10  (o)  shows  a  broad-nosed  finishing  tool 
ground  with  top  front  rake  and  set  square  with  the  work. 
It  may  be  changed  to  a  very  efficient  roughing  tool  resembling 
a  tool  with  top  side  rake,  by  swinging  it  so  that  it  cuts  ahead 
of  the  tool  post  in  the  position  shown  in  (b). 

18.  Special  care  should  be  taken  when  using  a  tool  set 
ahead  of  the  tool  post ;  for  if  it  becomes  loose  in  the  tool  post 
it  will  swing  into  the  work  and  may  do  great  damage.  It  is 
always  best  to  have  the  tool  post  in  advance  of  the  point 
at  which  the  tool  is  cutting,  so  that  the  tool  will  swing  away 
p^  from  the  work  if  it  becomes  loose. 

When  working  on  expensive  material, 
the  tool  should  never  be  set  so  it  can 
swing  into  the  work;  but  a  regular 
roughing  tool  should  be  employed. 

19.     Effect  of  Height  of  Tool 
on  Anffles  of  Rake  and  Clearance. 

It  is  well  to  study  the  effect  of  setting 
the  tool  at  different  heights,  so  that 
''"^* "  any  difficulty  from  this  cause  may  be 

recognized  and  remedied.  Fig.  11  shows  a  tool  ground  flat  on 
its  top  face  so  that  it  is  without  top  rake.  By  applying  this 
tool  at  its  highest  possible  cutting  position,  and  drawing  the 
lines  as  in  Fig.  5,  there  is  an  effective  angle  of  top  rake  EOB, 
Fig.  11,  and  an  effective  clearance  angle  HOD.    Suppose  this 
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same  tool  is  next  lowered  to  the  position  shown  in  Fig.  12,  the 

point  of  the  tool  being  level  with  the  axis  of  the  work.     By 

drawing  the  lines  as  before,  the  line  A,B  coincides  with  the 

line  E  F,  so  that  the  tool  has  no  top  rake,  and  the  angle  of 

clearance   is  HOD.    At  this  point, 

thCj  cutting  action  changes  from  a 

shaving  to  a  scraping  action,  which 

can  never  admit  of  a  deep  cut.    Next, 

suppose  the    tool  to  be  set   below  [ 

the  center,  as  shown  in  Fig.  13.     By  \ 

drawing    the   Unes    as    before,    AB  i 

passes  into  the  tool  below  the  line  EF.  *      "  ' 

In  this  position,  the  tool  has  a  nega-  ^'°'  '* 

tive  angle  of  top  rake  EOB,  and  will  do  little  more  than  scrape 

the  work. 

20.  Effect  of  Height  of  Tool  on  Its  Strength. — The 
effect  of  the  position  of  a  tool  on  its  strength  can  also  be  seen 
from  Figs.  11  to  13.  In  Fig.  11  the  angle  of  clearance  DOH 
is  very  small,  and  the  cutting  edge  is  well  supported;  con- 
sequently, the  tool  is  in  its  strongest  position.  In  Fig.  13 
the  angle  of  clearance  D  OH  is  great,  and  it  is  easy  to  see 
that  the  cutting  edge  cannot  endure  much  pressure.  From 
this  it  will  be  seen  that  a  tool  is  strongest  when  set  as  high 
.  as  possible  on  the  work. 

21.  Clearance  Angle  of  Side 
Tools. — Side  tools  usually  work  on 
flat  surfaces,  and  are  originally  made 
so  that  the  cutting  edge  is  straight. 
In  consequence,  a  constant  angle  of 
12°  side  rake  is  usually  given.  The 
side  tool  is  often  used  as  a  forming 
tool  by  setting  the  cutting  edge  to 
the  required  angle  of  some  surface,  as 
the  end  of  a  small  shaft  to  be  squared  up,  or  an  edge  or  face  , 
of  a  bevel  gear,  and  making  the  whole  cut  at  one  setting. 

22.    Shape  and   Setting  of  Tools   for  Brass   Work. 
The  theory  of  the  shapes  of  tools  and  the  methods  of  applying 
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them  to  the  work,  as  just  described,  are  not  always  sustained 
when  applied  to  tools  for  brass.  This  is  due  largely  to  the 
peculiar  natiu^  of  brass  found  in  its  toughness  and  its  flexibility. 
These  qualities  tend  to  cause  a  tool  to  .spring  into  the  work 
and  the  work  to  spring  over  the  tool  in  such  a  way  as  to  make 
very  untrue  cuts  If  the  work  and  the  tool  could  be  held 
with  sufficient  stiffness  to  avoid  all  danger  of  sprin^g,  the 


tool  could  be  ground  with  more  keenness  than  is  allowable 
for  iron  or  steel.  In  practice,  it  is  found  that  good  results 
are  obtained  with  a  round-nosed  tool  ground  without  top 
rake  or  side  rake,  as  shown  in  Fig.  14  (a),  and  set  with  its 
top  face  level  with  the  center  of  the  work.  Sometimes  the 
tool  is  made  with  negative  top  rake,  as  in  (b),  the  other  angles 
remaining  as  in  (a). 

FORMS  or  cirrriNG  .Toous 


POBGBD    TURNING    TOOI« 

23.  8te«la  Used  for  Cutting  Tools. — The  steels  used 
for  lathe  tools  are  known  as  carbon,  highspeed,  and  semikigh- 
speed  steels. 

24.  Carbon  tool  steel  is  steel  that  contains  from  .75  to 
1.5  per  cent,  of  carbon.  It  is  more  easily  forged  than  either 
of  the  others  and  can  be  made  of  any  desired  degree  of  hard- 
ness. If,  when  forging,  this  steel  is  heated  higher  than  a 
bright  red,  the  carbon  will  be  burned  out  and  the  steel  ruined. 
When  grinding  or  using,  the  cutting  edge  of  the  tool  will  be 
softened  if  heated  to  550°  F.,  as  shown  by  the  characteristic 
bluing  of  the  steel.  When  the  temper  is  drawn  to  a  blue 
color,  the  edge  will  wear  away  and  it  will  be  necessary  to 
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harden  and  temper  the  tool  again.    This  sensitiveness  to  heat 
limits  the  cutting  speed  of  carbon-steel  tools. 

25.  High-speed  steel  contains  tungsten,  or  molybdenum 
and  chromium,  in  addition  to  the  iron  and  carbon.  It  is 
harder  to  forge  than  either  carbon  or  semihigh-speed  steel, 
and  must  be  heated  to  about  2,200°  F.,  a  white  heat,  for  harden- 
ing.  The  tools  are  then  cooled  in  a  blast  of  air,  an  oil  bath, 
or  a  lead  bath.  High-speed  steel  tools  treated  in  this  way 
will  cut  about  four  times  the  quantity  of  the  same  quality 
of  metal  in  a  given  time  as  will  carbon-steel  tools.  The  great 
advantage  of  high-speed  steel  tools  over  all  others  lies  in  their 
property  of  red-hardness;  that  is,  when  heated  to  a  red  heat 
the  tools  remain  hard.  Because  of  this  fact,  much  higher 
cutting  speeds  can  be  obtained  by  their  use. 

26.  Semllilgta -speed  steels  contain  the  same  elements 
as  high-speed  steels;  but  the  percent^e  of  tungsten  or  of 
molybdenum  and  chromiimi  used  is  not  so  high.  When 
hardening,  the  tools  are  heated  to  a  bright  red  and  then  laid 
down  to  cool  in  the  air,  cooled  in  an  air  blast,  or  quenched 
in  oil.  Those  semihigh-speed  steels  that  contain  very  httle 
tungsten  or  molybdenum  and  chromium  are  sometimes  cooled 
by  quenching  in  water.  Semihigh-speed-steel  tools  have 
greater  endurance  and  work  at  higher  speeds  than  carbon- 
steel  tools;  but  they  have  less  endurance  and  work  at  lower 
speeds  than  do  high-speed-steel  tools.  They  do  not  have 
the  property  of  red-hardness  to  the  same  extent,  but  have 
some  of  it. 

27.  The  lathes  on  which  carbon-steel  tools  are  used  are 
not  well-suited  for  obtaining  the  best  results  with  high-speed- 
steel  tools.  They  are  not  sufficiently  powerful  for  the  heavy 
cuts  at  the  allowable  speed  that  may  be  taken  with  high-speed 
tools,  and  they  are  not  massive  enough  to  absorb  the  vibrations 
set  up  by  the  heavy  cuts.  The  lathe  that  works  to  the  best 
advantage  must  be  built  with  large  spindles  and  bearings, 
and  have  plenty  of  driving  power.  It  must  also  have  its 
parts  so  designed  that  there  will  be  metal  enough  used  and 
correctly  distributed  to  do  the  work  with  the  least  vibration. 
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High-speed-steel  lathe  tools  may  be  used  for  all  classes  of  work; 
but  they  find  their  greatest  service  in  the  rapid  removal  of 
stock  from  iron  and  steel  forgii^  or  castings,  or  bars  which 
are  turned  down  without  first  being  forged  approximately 
to  the  desired  size  and  form. 

28<  Shapes  of  Forged  Roughing  Tools. — In  foiling 
high-speed  steel,  it  should  be  worked  at  a  temperature  of  1,800° 
or  1,900°  F.,  and  it  is  very  difficult  to  draw  or  bend  it  into 
a  diamond  point  or  other 
similar  shape.  It  is  usually 
heated,  bent,  and  cut  with  a 
hot  chisel  approximately  to 
shape,  after  forging  or  bend- 
ing, and  is  finally  shaped  on 
the  grinding  wheel.  Fig.  15 
(a)  shows  an  elevation  and  a 
plan  of  a  roughing  tool  as 
forged  from  this  steel.  The 
left  side  a  b  has  been  curved 
to  make  the  cutting  edge,  the 
point  c  bent  up  to  give  top 
rake  along  the  line  d  e  and 
the  heel  dressed  so  that  little 
grinding  will  be  required  on 
the  front  end  of  the  tool. 
When  the  tool  is  ground,  it 
appears  as  shown  in  (6) .  This 
tool  will  be  seen  to  possess  the 
same'  cutting  angles  as  shown  in  the  diamond  point,  although 
it  is  quite  different  in  general  appearance.  As  the  point  c  is  at 
one  side,  its  cutting  edge  is  entirely  along  the  curved  left 
edge  a  b.  It  is  thus  designated  as  a  rigkt-hand  tool,  as  contrasted 
with  one  whose  cutting  edge  is  on  the  opposite,  ra-  right-hand 
side,  and  which  is  therefore  known  as  a  left-hand  tool. 

29.  Proper  Form  of  Round-Nosed  Tools. — For  some 
kinds  of  work,  a  round-nosed  tool,  shown  in  Fig,  16,  is  used; 
this  is  ground  round  on  the  point  and  flat  on  the  top.     If  it 
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is  to  be  given  top  rake,  it  should  be  foiled  so  that  the  top 
rake  can  be  ground  easily.  Fig.  17  shows  how  such  a  tool 
should  be  forged.  This  style  of  foi^ng  allows  the  top  face 
of  the  tool  to  be  ground,  and  the  angles  kept  unchanged. 


A  round-nosed  tool  is  desirable  for  turning  the  piece  shown 
in  Fig.  18,  as  it  can  be  set  to  cut  the  round  part  a  and  the 
flat  face  b  without  resetting. 

30.  The  ordinary  round-nosed  tool  with  the  point  in  the 
center,  and  ground  without  top  front  rake,  may  be  used  to 
cut  in  either  direction.    If  ground  with  top  side  rake,  to  cut 


toward  the  live  center,  it  is  called  a  right-hand  tool ;  if  ground 
sloping  the  other  way,  it  is  called  a  left-hand  tool.  When 
heavy  cuts  and  great  strength  are  required,  the  outline  of 
the  cutting  edge  is  curved  and  the  point  is  considerably  rounded. 
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This  applies  particularly  to  heavy  work.    Fig.  19  shows  a  form 
of  round  nose  used  for  some  lands  of  heavy  work.    Fig.  20 


shows  a  form  of  broad-nosed  tool  that  may  be  used  for 
finishing  when  coarse  feeds  are  permissible. 


TOOL  HOLDERS  FOB  TCBNINO  TOOLS 

31.  Advajitage  and  Disadvantages. — The  expense  of 
keeping  up  a  stock  of  tools  forged  from  the  bar,  whether  of 
carbon  steel  or  of  alloy  steel,  is  great,  and  this  fact  has  led 
to  the  devising  of  many  forms  of  holders  employing  small 
blades  of  steel  to  do  the  cutting.  Holders  are  made  of  the 
same  size  as  the  shank  of  the  ordinary  forged  tool.  They 
make  a  very  great  saving  in  the  cost  of  the  steel  used,  as  one 
holder  will  be  sufficient  for  a  great  variety  of  shapes  of  cutting 
points,  tools,  or  blades.  The  blades  may  be  of  the  very  finest 
and  most  expensive  qtoality  of  steel,  and  still  cost  far  less 
than  the  forged  tool. 

The  objection  to  in- 
serted-blade  tools  or  tool 
holders  is  that  it  is  diffi- 
cult to  find  a  means  of 
clamping  the  small  blade 
in  the  holder  so  that  it 
will  have  the  same  rigidity  as  the  forged  tool.  The  holders 
soon  wear,  allowing  the  blades  to  spring.  In  many  cases  this 
is  cau-sed  by  using  too  small  a  holder.  If  heavy  holders  and 
comparatively  large  blades  are  used,  the  trouble  will  be  partly 
avoided. 
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32.  Holders  for  Diamond  Points. — ^Two  styles  of 
tool  holders  for  diamond  points  are  shown  in  F^.  21  and  22. 
The  similarity  of  the  point  of  the  tool  shown  in  Fig.  22  to  the 
regular  forged  diamond  point  is  readily  seen.  In  Fig.  21 
the  tool  shown  has  the  outline  of  a  diamond  point  sketched 
over  it  in  dotted  lines,  from  which  it  may  be  seen  that  the 
shapes  of  the  cutting  edges  are  identical. 

33.  Orlndlng  of  Diamond-Pointed  Inserted -Blade 
Tools. — The  methods  of  grinding  the  tools  shown  in  Figs.  21 
and  22  are  quite  different.  In  Fig.  22  the  cutting  tool  is  ground 
entirely  on  its  top  face.  The  angle  of  keenness  is  thus  deter- 
mined, and  as  the  angle  of  front  rake  remains  unchained  in 
the  tool,  it  is  always  set  at  the  same  height  for  a  given 
diameter.  In  Fig.  21  the  angle  of  top  rake  of  the  tool  is 
determined  by  the  angle  at 
which  the  tool  sets  in  the  holder. 
Grinding  should  be  done  en- 
tirely along  the  end  of  the  blade 
that  corresponds  to  the  front 
face  of  a  diamond  point.  In 
this  case,  to  increase  the  keen- 
ness of  the  tool,  it  is  necessary 
to  grind  it  away  at  the  heel.  •  It  must  be  remembered,  however, 
that  the  keenness  given  the  tool  by  changing  its  angle  of  front 
Take  will  not  change  the  diective  keenness  when  applied  to 
the  work,  unless  the  position  of  the  tool  is  changed.  Grinding 
away  the  heel  makes  it  possible  to  set  the  point  higher  on 
the  work.  This  higher  position  gives  an  increased  ai^le  of 
top  rake  and  therefore  increases  the  effective  angle  of  keenness. 
Other  forms  of  tool  holders,  similar  to  these,  accomplish  the 


34*  Heavy  Inserted -Blade  Tool  Holder. — The  tool 
holder  and  tool  shown  in  Fig.  23  are  designed  for  heavy  cuts 
and  high  speed.  The  form  and  angles  of  the  cutter  are  the 
same  as  those  of  a  forged  roughing  tool.  The  cutter  is  to 
be  ground  only  on  the  top  face,  and  can  be  used  until  very 
short.     The  objection  advanced  against  tool  holders  in  general 
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for  heavy  work  is  that,  because  of  lack  of  proper  contact 
of  the  tool  with  the  holder,  they  do  not  carry  off  the  heat 


generated  by  the  chip.     The  holder  shown  in  Fig.  23  is  designed 
to  overcome  that  trouble.         

PABTINO    TOOL    OR    CUTTINd-OFF    TOOL 

35.  Forged  Parting  Tool. — ^A  common  form  of  parting 
tool  is  shown  in  Fig.  24  (a)  and  {&).  It  is  used  for  cutting 
square  grooves  or  notches  in  work,  for  cutting  square  comers, 
or  for  cutting  off  work  held  in  a  chuck.  The  cutting  edge  of 
the  tool  is  along  the  top  front  line  A  B.  The  blade  is  forged 
and  ground  so  that  the  cutting  edge  is  the  thickest  part.     Each 

side  of  the  blade  is 

I  ground  with  a  slight 
amount  of  clear- 
ance, as  shown  by 
the  section  CD. 
The  tool  is  not 
ground  with  top 

{  j||  rake,    keenness   be- 

j"  '        "^      y  -         '  -|  ill  ing  given  by  vary- 

ing the  angle  of  front 
rake.  When  this 
tool  is  used  for  cut- 
ting off,  it  should  be 
set  at  the  same  height  as  the  center  of  the  work,  and  square 
with  the  axis. 

36.  Use  or  PartlngTool. — A  piece  of  work  held  between 
centers  should  not  be  cut  entirely  in  two  by  a  parting  tool. 
It  may  be  cut  partly  in  two,  after  which  it  should  be  taken 
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from  the  lathe  snd  either  broken  or  sawed  apart.     Fig.  25 
shows  the  tool  deep  in  a  cut.  '  Soon  the  piece  will  become 
so  reduced  in  diame- 
ter that  the  pressure 
due  to  the  feed  will  - 
bend  the  work,  which,  I 
at  this  small  diame- 
ter, will  open  the  cut 
on  one  side  and  close 
it   on  the  other,  so 
that  the  tool  cannot 
pass  through  and  will 
become    jammed    in 
the  cut.     This    may- 
break  the  lathe  tool, 
or  the  lathe  center  may  be  broken  or  torn  out  of  the  center  hole. 

37.     Inaerled-Blade  Parting  Tool. — Inserted-blade  tool 
holders  are  very  successfully  used  ior  parting  tools.     Fig.  26 
shows  one    style   of 
i  inserted-blade    part- 
ing tool.    The  blade 
i  held  in  the  holder 
by    the    clamping 
''°-^  L„  J    ■      .-11 

screw  s,  and  is  still 

further  secured,  when  the  tool  holder  is  clamped  in  the  tool 
post,  because  of  the  spring  of  the  tool  holder.  Fig.  27  shows 
another  form  of  parting  tool  with  inserted  blade.  The  blades 
for  these  tools  are  ground  either  concave  on  the  side  or  thinner 


on  the  bottom  edge,  to  give  clearance.     They  are  made  from 
either  high-speed  or  carbon  steel.     When  the  blades  are  made 
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from  carbon  steel  and  hardened,  it  is  customary  to  draw  the 
temper  along  the  lower  edge,  which  gives  the  tool  toughness, 
a  quality  much  desired. 

SIDE    TOOUS 

38.  The  side  tool  is  a  tool  of  the  form  shown  in  Fig,  28, 
and  is  used  in  squaring  up  the  ends  of  work  held  between 
centers,  or  for  forming  shoulders.  It  may  be  made  either 
right  hand  or  left  hand,  so  that  it  can  be  used  on  either  side 
of  a  piece.  The  form  shown 
in  the  illustration  is  a  right- 
hand  side  tool.  The  left- 
hand  tool  is  offset  in  the 
opposite  direction. 

39.     Grinding. — A 

lathe  tool  is  ground  to  se- 
'"""  cure  the  desired  form  and 

shape  and  to  make  it  sharp.  After  a  tool  is  once  correctly 
shaped  there  should  be  as  little  grinding  as  possible,  in  order 
that  the  original  shape  may  not  be  changed.  Much  needless 
grinding  wears  away  the  tool.  Fig.  29  shows  an  end  view  of 
a  correctly  shaped  side  tool  and  illustrates  how  it  is  presented 
to  the  work  as  seen  from  the  back  of  the  lathe.  The  cutting 
edge  of  the  tool  is  at  the  height  of  the  center  of  the  work,  and 
the  face  A  .^  of  the  tool  is  ground  Sat  and  at  an  angle  to  the 


IZ^^ff 


line  CD,  which  is  parallel  to  the  side  of  the  shank.  The  small 
angle  formed  between  the  lines  A  B  and  CD  is  the  angle  of 
side  rake.     The  top  face  denoted  by  the  line  £  F  is  usually 
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ground  to  make  an  angle  with  the  face  AB  ot  about  60°  for 
cast  iron  and  55°  for  wrought  iron  or  soft  steel. 

40>  In  sharpening  the  tool  the  most  grinding  should  be 
done  on  the  top  face  E  F,  Fig.  29,  care  being  taken  to  keep 
the  original  shape  of  the  tool.  Fig.  30  shows  how  a  careless 
workman  may  round  the  face  A  B  of  the  tool  in  attempting 
to  make  the  cutting  edge  sharp,  with  the  result  that  the  tool 
cannot  cut  because  of  the  high  place  k,  which  touches  the 
face  of  the  work  first.  After  a  tool  is  ground  on  an  emery 
wheel  or  a  grindstone,  it  should  be  finished  on  an  oilstone, 
to  give  it  a  keen  edge.      


41. 


BOBINO    TOOLS 

Working  Conditions. — The  conditions  under  which 


a  boring  tool  must  work  are  most  unfavorable  for  carrying 

out  the  prindptes  that  naturally 

lead  to  good  results.     The  boring 

tool,  because  of  the  long,  slim 

arm  required  to  reach  into  the 

bottoms  of  small  holes,  lacks  that 

rigidity  of  cutting  edge  that  is 

essential  in  rapid,  accurate  work. 


42.  Cutting  Angles. — As 
shown  in  Fig.  31,  the  angles  of 
rake  and  keenness  for  a  boring 
tool  may  be  defined  the  same  as 
in  a  diamond  point.  The 
line  AB  is  drawn  from  the  axis 
of  the  work  through  the  point 
of  the  tool,  and   EF  is  drawn  ""■" 

along  the  top  face  of  the  tool  through  the  point  0.  The  angle 
BO'F  represents  the  angle  of  top  rake.  If  the  tool  is  raised 
or  lowered  in  the  hole,  the  angle  of  top  rake  wiU  vary,  just  as 
in  Figs.  11  to  13. 

43.  Spring    of    Boring    Tools. — The    force    necessary 
to  hold  the  point  of  the  tool  up  to  the  cut  depends  largely 
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on  the  shape  of  the  point.     Fir.  32  (a)  shows  a  well-shaped 

tool  for  small  work.     The  point  is  narrow,  and  has  much 

the  same  shape  as  that  of  a 

f"'        'Sk__*i'  ^      diamond    point.     The   force 

^^^^^^^^^^^P      tending    to  spring    the  tool 
(a)  away  from  the  work  is  in  the 

direction  of    the   arrow,    at 

'*    right  angles  to  the  line  A  B. 

^^        :  '^    "^  ~_         I     In  (6)  is  shown  a  tool  with  the 

F^"'    _^^^^^^^^^^  I      poi"t  more  rounded,  with  the 

bJ       ^^^(b^^^^^^      foi'ce    tending    to   spring    it 

/^  away  from   the    work  more 

nearly  at  right  angles  to  the 

^^F~    T7^~     ■   -"^ m   shank  of  the  tool.     In  (c)  is 

^'         ■-.     -^   —^  ^   shown  a  broad-nosed  tool  with 

[       ^^^^^^^^^^^^^^^^   the    force    acting     squarely 

B  V-  J  ^  across  its  shank.     This  tool 

1  will  chatter  and  spring  away 

from  the  work  so  that  it  will 

be  difficult  to  do  much  with  it.     Single-pointed  boring  tools 

should  have  narrow  points,  as  shown  in  (o),  and  should  be 

used  with   moderately  fine  feeds.     Broad-edged  boring  tools 

used  with  coarse  feeds  are  held  in  boring  bars  or  heads. 

44.  Height  of  Boring  Tool. — The  correct  height  of 
the  boring  tool  in  the  work,  to  give  it  the  strongest  and  the 
easiest  cutting  position,  is  as  much  heU^u 
the  center  as  it  can  be  set  and  still  have 
its  cutting  point  cut.  This  is  for  the 
same  reason  that  the  diamond  point  is 
set  aiow  the  center  of  the  work.  If  the 
tool  is  long  or  springy  it  is  not  always 
safe  to  set  it  in  this  low  position,  for,  as 
it  is  below  the  center,  if  it  should  catch 
and  spring  down,  it  would   spring  into  ^'^'  ^ 

the  work  more  deeply  and  cause  trouble.  Ordinarily,  a  boring 
tool  is  set  level  with  the  center  of  the  work,  it  having  been 
so  ground  that  when  thus  set  it  will  have  but  little  clearance. 


^dbyGoOglc" 


§  10  LATHE  WORK  23 

45.     Boring    Small    Holes. — When    the    hole    is    small, 
the  conditions  are  more  unfavorable.     Fig.  33  shows  a  section 


througji  work  with  the  tool  in  place.  The  tool  nearly  fills 
the  hole.  When  a  line  A  B  is  drawn  from  the  center  through 
the  point  0,  it  passes  into  the  tool,  showing  that  in  this  posi- 
tion it  has  negative  top  rake.  The  best  that  can  be  done 
in  this  case  is  to  grind  the  top  face  back  from  the  end  edge  E, 
giving  the  tool  a  great  deal  of  top  side  rake. 

46.  Special  Holders  for  Boring  Tools. — For  boring 
tools,  special  holders  with  inserted  blades  are  superior  to 
forged  tools.    Fig.  34  shows  a  special  boring  tool  that  can 


be  held  in  the  tool  post  of  the  lathe.     The  blade  is  held  in 
the  end  of  the  bar  b  by  a  cap  c,  which  screws  over  the  end  of 
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the  bar.  The  bar  b  can  be  adjiisted  in  the  holder  so  that  it 
will  just  pass  through  the  work.  Fig.  35  shows  another  form 
of  Ixmng  tocJ  with  inserted  blade.  This  form  holds  the 
bar  b  very  rigidly  in 
a  special  "block  bolted 
on  the  lathe  tool 
block  A  boring  toed 
holder  having  many 
advantages  is  shown 
in  Fig  36  (o)  The 
shank  a  has  a  V  cut 
in  the  top  to  take  a 
bonng  tool  made  from 
round  stock  of  any 
required  length  A 
damp  b  on  the  work- 
ing end  of  the  holder 
adds  stiffness  to  the 
tool  when  it  has  been 
adjusted  to  the  re- 
qiured  length  to  bore 
to  the  necessary 
depth.  The  tool  and 
holder  are  clamped 
igidly  in  the  tool 
post  c.  A  recessing 
tool  is  shown  in  (&),  a 
straight-nosed  tool  in 
(c),  a  common  boring 

^j .  tool  in  (d),  a  circular 

LMIMHii  internal    threading 

<f)  tool  in  (e),  and  an  in- 

^'"^  ^^  temrf  threading  tool 

in  (f).    These  tools  are  made  to  fit  in  the  holder  shown  in  (a). 

47.  When  the  holes  to  be  bored  are  small,  a  bar  that  nearly 
fills  the  hole  may  be  used.  It  may  be  set  to  project  beyond  the 
holder  just  far  enough  to  pass  through  the  work.    The  tool  is 
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thus  given  the  greatest  possible  rigidity.  Furthennore,  because 
of  the  low  position  of  the  cutting  tool,  Fig.  37,  thi  cutting  action 
is  much  better  than  could 
be  obtained  with  the  forged 
tool  as  ordinarily  ground. 
For  heavy  work,  the  style 
of  bar  shown  in  Fig.  34 
has  too  much  spring ;  hence 
the  form  shown  in  Fig.  35 
should  be  employed.  The 
lighter  bar  is  very  handy 
for  small  work.  Some- 
times the  clamping  block 
shown  in  Fig,  35  is  split 
and  secured  to  the  tool 
block  by  two  bolts.     These  "^■^ 

bolts  hold-  the  block  together  as  well  as  in  place,  and  so  secure 
the  bar  b. 

BENT    TOOLS 

48.  For  some  kinds  of  work,  the  straight  tools  that  have 
been  described  cannot  be  used,  and  a  class  of  tools  known  as 
bent  tools  becomes  necessary.     They  are  classed  as  right-hand 


or  as  left-hand  tools,  depending  on  the  direction  in  which  they 
are  intended  to  cut. 

49.  A  right-hand  bent  side  tool  is  shown  in  Fig.  38.  This 
form  of  tool  is  especially  desirable  when  cutting  a  shoulder  that 
is  very  close  to  the  lathe  dog,  as  shown  in  Fig.  39. 
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50.  When  it  is  desired  to  cut  work  very  dose  to  a  shoulder 
or  the  jaws  of  a  chuck,  a  bent  parting  tool  may  be  used,  as 
shown  in  Fig.  40.  The  offset  tool  holder  shown  in  Fig.  27  is 
particularly  well  adapted  to  this  class  of  work. 

51.  Round-nosed  tools  may  be  bent 
either  right  or  left,  to  meet  certain  con- 
ditions of  work.  The  right-hand  bent 
round-nosed  tool  is  often  used  for  facing, 
and  it  makes  a  good  inside  turning  or 
boring  tool. 

rOBHINO    TOOU 

52.  Under  favorable  conditions,  it  is 
^°-  ***               possible  to  use  a  tool  with  a  very  broad 

cutting  edge,  8  inches  or  more  in  width.     These  conditions  are: 
rigidity  of  the  work,  rigidity  of  the  tool,  and  power  of  the  lathe. 
When  a  piece  is  to  be  finished  with  a  curved  or  irr^ular  sur- 
jfg„fi^f„^„^  face,  as  shown  in   Fig.  41,  special 

I  '\  forming  tools  can    be  made   that 

\  ^^"V^l      J        save  much  time,  and  do  much  bet- 

^WHjI^H^^V        ter  and  more  uniform  work   than 
xJtt^^y  can  be  done  by  hand.     These  tools 

are  carefidly  made  so  that  they 


\3^ 


have  the  proper  clearance  along  the  line  G  H,  Fig,  42,  and 
should  be  sharpened  by  grinding  entirely  on  the  top  face. 
When  used,  they  should  be  set  at  the  same  height  as  the  center 
of  the  work.  On  wrought  iron  or  steel,  plenty  of  lard  oil 
should  be  used.  Very  complicated  forms  may  be  produced  by 
the  use  of  forming  tools. 
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53.    In  most  cases,  rigidity  of  work  and  tool  is  sought  for 
the  purpose  of  producing  the  most  accurate  and  the  smoothest 


surfaces.  In  some  cases  a  special  spring  tool  is  used  to  over- 
come chattering  and  roughness  of  cut  that  cannot  otherwise 
be  avoided. 

54. '  In  Fig.  43  is  shown  a  spring  tool,  or  gooseneck  tool, 
as  it  is  sometimes  called,  applied  to  the  work.    It  is  set  so  that 


its  cutting  edge  is  level  with  the  center  of  the  work.    Any 
tendency  on  the  part  of  the  tool  or  the  work  to  vibrate  or  chatter 
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is  taken  up  by  the  narrow  springy  part  of  the  tool.  It  will  be 
seen  that  the  gooseneck  tool  can  never  dig  into  the  work, 
because  the  pressure  of  the  cut  is  constantly  tending  to  press 
the  edge  away  from  the  work  in  a  circle  drawn  about  the  center  c, 
at  the  top  of  the  bend. 

55.  Another  form  of  spring  tool  is  shown  in  Fig.  44.  This 
form  is  intended  to  avoid  all  danger  of  springing  into  the  work, 
and  is  so  set  that  as  the  force  of  the  cut  bends  it  down,  the  point 
follows  the  arc  of  the  circle  as  indicated.     The  circle  is  drawn 

,  aboutthepointof  support  of  the  tool.  As  the  tool  springs  down, 
the  point  will  naturally  move  away  from  the  work,  and  so  prevent 
digging  iito  the  stock. 

HAND   TOOU 

56.  Diamond-Pointed  Hajid  Tool. — Hand  topis,  as 
their  name  implies,  are  held  in  the  hand  while  operating  on 
the  work.  Their  cutting  action  depends  on  the  skill  of  the 
workman.  Their  cutting  power,  compared  with  tools  held  in  a 
slide  rest,  is  very  small.  Their  principal  use  in  metal  work- 
ing is  turning  and  finishing 

k  a  great  variety  of  work  on 
'  hand  lathes  or  small  bench 
lathes  for  working  brass,  and 
for  finishing  curves  and  pieces 
of  irregular  outline.  Chief 
among  these  tools  is  the 
diamond-pointed  hand  tool. 
It  is  a  piece  of  square  steel 
ground  with  a  bevel  on  the 
"*  "^'  "  point,  as  shown   in   Fig.  45. 

When  this  tool  is  used  for  rounding  a  comer,  such  as  the  end 
of  a  bolt  or  screw,  it  rests  on  one  edge  c,  Fig.  46,  while  the 
keen  edge  A  B  does  the  cutting.  The  angles  of  rake  and 
clearance  are  easily  changed  to  give  the  best  results  by  changing 
the  position  of  the  tool. 

57.  Round-Nosed  Hand  Tool. — The  round-nosed  tool 
shown  in  Fig.  47  is  used  for  finishing  concave  curves.     The 
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]m<3.c^  side  lies  flat  en  the  rest  when  it  is  used.     Hand  tools  are 
CCTrrtrxonly  made  from  worn-out  files  of  either  square  or  rect- 


OT^EUlar  section.     Their  points  can  be  ground  to  any  particular 

^ape   best  suiting  the  work.     They  are  also  made  from  flat 

Sles  ground  to  any  required  curve,  either  right-hand  or  left- 

^'^Jid,  and  are  used 

tor  finishing  turned  ( 

•^st-iron  surfaces  in 

*1^   lathe    prepara-  ^" 


s  of  the  same  general  form  as  the 


tory  to  polishing.     They  < 
toot  diown  in  Fig.  47, 

58.  Three-Cornered  Hand  Tool. — The  three-cornered 
tool  shown  in  Fig.  48  is  made  from  a  three-cornered  file  from 
which  all  of  the  teeth  have  been  ground  on  a  wet  wheel.  The 
end  is  ground  to  a  sharp  point,  which  gives  three  sharp  cutting 


y<^ 


edges,  as  o  &.     This  tool  is  very  largely  used  to  scrape  center 
holes  and  to  remove  burrs  from  the  ends  of  plain  holes. 


TOOL    GBINDINO 

69.  Sbapes  of  Tools. — It  is  a  common  practice  in  some 
shops  for  each  man  to  grind  his  tools  to  suit  himself,  the  grind- 
ing being  done  on  grindstones  or  special  emery  wheels  for  tool 
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grinding.  The  result  is  a  very  great  stock  of  steel,  which  is 
necessary  to  make  up  the  sets  of  tools  for  the  different  machines, 
and  an  almost  infinite  number  of  shapes.  The  best-managed 
shops  have  now  adopted  a  system  whereby  the  tools  are  system- 
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atically  and  scientiiically  ground  in  a  central  tool  room  by  one 
set  of  men.  There  are  a  number  of  automatic  tool  grinders  in 
use  designed  for  this  purpose.  All  tools  are  kept  in  a  tool  room 
and  are  checked  to  the  workmen  as  used.    A  few  typical  lathe 
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tools  grotind  on  one  of  the  standard  tool  grinders  are  shown  in 
Fig.  49,  and  Fig.  50  is  a  chart  showing  the  angles  to  which  the 
tools  are  ground.  The  numbers  placed  opposite  the  tools  in 
Fig,  49  correspond  to  smilar  numbers  in  Fig.  50, 

60.  Effect  of  Improper  Grinding. — A  diamond  pant 
that  is  correctly  ground  and  set  is  shown  in  Fig.  51.  All  grind- 
ing for  the  purpose  of  sharpening  this  tool  should  be  done  on 


the  top  face,  so  as  to  keep  the  correct  shape.  When  correctly 
set,  as  shown,  the  tool  cuts  along  the  edge  a  b  and  reduces  the 
l|-inch  stock  to  a  diameter  of  f  inch.  When  the  tool  is  ground 
incorrectly,  so  that  the  cutting  edge  is  a  c,  it  will  then  cut  the 
work  as  indicated  by  the  dotted  lines,  and  will  reduce  it  to  a 
diameter  of  only  1  inch,  so  that  a  second  cut  will  be  necessary 
to  bring  the  work  to  the  desired  size.  Moreover,  the  power 
required  with  the  incorrectly  ground  tool  will  be  practically  the 
same  as'with  the  correctly  ground  tool. 
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CHUCKINO  TOOI£ 

61.  Hetbod  of  Holding  Cbucklng  Tools.— When  the 
holes  are  3  inches  or  less  in  diameter,  they  can  be  more  rapidly 
and  accurately   bored   by   using   special   boring  tools  adled 

carnage,  or  in  the  tail-  ^"^'  ^ 

stock  in  place  of  the  dead  center.  The  latter  method  is  the 
more  common.  When  a  chucking  tool  is  to  be  held  in  the 
tailstock  spindle,  care  should  be  taken  to  see  that  it  is  per- 
fectly in  line  with  the  live  spindle;  otherwise,  the  hole  will 
be  spoiled. 

62.  Flat  Drills  and  Holders. — For  rough  boring  in  cored 
holes,  the  flat  drill  shown  in  Pig.  52  is  sometimes  used.  It 
may  be  made  from  flat  bar  steel  with  the  point  ground  like 
the  point  of  an  ordinary  flat  drill.  The  other  end  has  a  large 
center  hole  for  receiving  the  dead  center.  In  using  the  drill, 
a  specially  made  holder  is  employed,  as  shown  in  Pig.  53. 
The  holder  consists  of  a  flat  piece  of  iron  or  steel  with  one 
end  bent  at  an  angle.  The  slot  a  cut  through  the  end  is 
suflSciently  lai^e  to  allow  the  drill  to  pass  through. 

63.  Operating  a  Plat  Drill.— When  the  flat  drill  is 
used,  the  holder.  Fig.  53,  is  clamped  in  the  tool  post  so  that 

^^^^^  the  tenter  of  the  slot  a  comes  in  line  with 
/^■^B  the    dead    center.     The    drill    is    passed 
y/§^  through  the  slot  and  fed  into  the  work  by 

^^Y  pressure  on  the  dead  center,  and  the  holder 

■  /  keeps  thcdrill  from  revolving.     In  starting 

the  cut,  there  will  be  a  tendency  for  the 
drill  to  wabble,  owing  to  the  irregularity  of  the  cored  hole.  To 
start  the  drill  true,  a  monkeywrench  is  clamped  on  the  drill, 
near  the  holder,  as  shown  in  Fig.  54.  By  pulling  on  the  wrench 
in  the  direction  that  the  work  turns,  the  drill  is  rotated  suffi- 
ciently to  make  it  pinch  f^ainst  the  opposite  sides  of  the  slot 
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in  the  holder.  This  prevents  it  from  moving  sJdewise  and 
makes  it  a  very  stiff  two-edged  boring  tool.  While  in  this 
position,  the  drill  is  fed  into  the  work  -until  the  entire  cutting  edge 
is  in  metal,  after  which  the  wrench  is  pulled  lightly  to  keep  the 
drill  from  chattering.  Holding  with  the  wrench  causes  the  drill 
to  start  true,  if  the  wrench  is  pulled  so  hard  that  the  drill  can- 
not move  sidewise.  When  once  started,  this  drill  cuts  well, 
but  the  hole  will  not  be  truly  cylindrical.  Care  should  be 
taken  to  see  that  the  dead-center  end  does  not  slip  off  the  cen- 
ter, or  both  the  hole  and  the  oper- 
ator may  be  injured. 

64.  Flat  Reajners. — To  finish 
the  hole  more  perfectly,  a  flat 
reamer,  shown  in  Fig,  55  (a),  may 
be  used  in  the  same  manner  as  the 
'  flat  drill.  This  reamer  is  made  of 
Sat  bar  steel,  and  turned  parallel  on 
the  sides  c  and  d  to  a  diameter 
equal  to  the  diameter  of  the  desired 
hole.  The  cutting  edges  are  the 
beveled  edges  a  and  b.  This  reamer 
is  sometimes  covered  with  wooden 
*''°'  "  guides,  so  that  it  will  follow  the  hole 

being  reamed.  The  wooden  faces  are  used  to  keep  the  reamer 
from  chattering  and  to  guide  it  so  that  the  holes  will  be  more 
nearly  accurate.  Such  wood-covered  reamers  are  called  wood 
reamers. 

The  wooden  faces  are  made  of  two  blocks  of  any  hard  wood, 
oiled,  and  clamped  on  by  wood  screws,  as  shown  in  (fc).  After 
the  blocks  are  clamped  in  place  they  are  turned  or  groimd 
to  the  size  of  the  reamer,  and  the  wood  is  cut  away  above 
the  cutting  edges  to  give  room  for  chips  to  work  out. 

65.  Cannon  Drills, — A  cannon  drill  is  shown  in  Fig.  55(c). 
Half  of  the  stock  of  the  drill  is  cut  away,  as  shown  at  o,  and 
the  cutting  edge  b  is  at  the  end.  A  guide  hole  is  necessary 
for  starting  this  drill,  but  when  once  started  true  it  drills 
straight. 
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jo^.  Rose  Reamers. — A  reamer  for  following  the  flat 
^>i,  or  for  use  in  a  machined  hole  for  taking  out  considerable 
ftock,  is  known  as  a  rose  reamer,  one  form,  of  which  is  shown 

in     Fig.    56.      The 

body     a    is     ground 

lound  and  of  a  uni-  ' 

iona     diameter  equal 

to  that  of  the  desired 

hole .      The  rose  reamer 

Kill      remove    more 

stock:   than  the  fluted 

trucking  reamer,  has 

fwer  ilutes,  and  cuts 

m  the  end. 


67,      Fluted 
Clvuckliie  Ream- 

**a- — ^For  deep  holes, 

'■^e  three-fluted 
chucking  reamer 
shown  in  Fig.  57  (a)  is  an  excellent  tool.  Because  of  the  spiral 
flutes,  there  is  less  danger  of  the  shavings  clogging  than  there 
is  in  the  straight  flutes  shown  in  Fig,  56.  The  cutting  is  done 
by  the  beveled  edges  a,  and  the  chips  pass  away  through  the 
larger  flutes;  the  snmll  flutes  b  are  formed  for  clearance  arid 
to  allow  the  oil  or  other  lubricant  to  flow  to  the  point  of  the 

reamer. 


68.  Fig.  57  (6)  represents  a  fluted  chucking  reamer  for 
finishing  holes  smooth  and  true  to  standard  size.  The  cutting 
edges  extend  the  whole  length  of  the  flutes  a  b.     When  used 


^^^ 


to  follow  the  rose  reamer,  the  latter  should  leave  about 
■005  inch  of  diameter  for  this  reamer  to  remove  in  finishing. 
As  it  is  intended  for  finishing  holes  to  exact  diameter,  it  should 
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be  used  with  considerable  care;  hence,  the  cutting  speed  is 
reduced,  and  the  feed  is  increased. 

69.     Shell  Cbdcklng  Reamers. — In  Fig.  58  (a)  is  shown 
a  shell  chucking  reamer  of  the  rose-reamer  type,  and  in  (b) 


is  shown  a  shell  reamer  of  the  fluted  or  finishing-reamer  type. 
These  reamers  are  cheaper,  and  in  many  cases  more  con- 
venient, than  the  solid  reamers  just  described.  The  shell 
reamer  is  simply  the  cutting  part  of  a  reamer  made  hollow, 
and  used  on  a  shank  of  any  required  length.  It  is  cut  the 
same  as  the  regular  reamer,  and  is  cheaper,  as  less  tool  steel 


bwlMH^Jll 


is  required  to  make  it.     It  is  used  on  an  arbor  as  shown  in  (c). 
One  arbor  can  be  used  for  a  large  range  of  sizes  of  reamers. 

70.  Boring  Bars  for  Chucking. — ^A  chucking  tool  that 
can  easily  be  made  for  regular  work  or  for  odd  sizes  is  shown 
in  Fig.  59.  The  blade  or  cutter  c  is  held  in  the  bar  by  a  set- 
screw  s.  Different  sizes  of  cutters  may  be  made  at  little 
expense  to  take  the  place  in  many  instances  of  the  more  expen- 
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sive  standard  chucking  tools.     When  the  holes  to  be  bored 
are  long,  a  bar  can  sometimes  be  used,  as  shown  in  Fig.  60. 


The  cutter  c  is  held  in  the  slot  cut  in  the  bar  by  a  setscrew  s. 
One  end  of  the  bar  is  held  in  the  tailstock  spindle,  and  the 
other  end  fits  a  tapered  bushing  b  in  the  live  spindle.    Support 


is  thus  provided  for  each  end  of  the  bar,  which  is  very  desirable 
when  the  hole  must  run  true.  These  cutters  are  often  made 
in  sets  of  two  or  three,  to  be  used  in  regular  order  to  rough 
and  finish  the  hole. 

71.    Starting    Chucking   Tools    True. — If    the    cored 
hole  does  not  run  true,  the  chucking  tool  will  not  start  true. 
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the  tendency  being  to  follow  the  cored  hole.  When  it  is 
desired  to  start  the  tool  true,  it  may  be  done  by  using  a  com- 
mon boring  tool,  and  boring  out  the  mouth  of  the  hole  to 
nearly  the  correct  size,  so  that  the  tool  will  enter  J  inch  or  so. 
A  bearing  all  around  is  so  given,  and  the  tool  held  true. 

72.  Drilling  from  the  SoUd.— The  tools  thus  far 
described,  with  the  exception  of  the  fiat  drill,  are  used  to 
enlarge  holes  that  have  previously  been  drilled  or  cored.  The 
flat  drill  will  either  pierce  a  hole  in  the  solid  metal,  or  it  will 
follow  cored  holes;  but  it  will  not  cut  so  freely  as  the  twist 
drill.  Twist  drills  are  often  used  in  the  lathe  in  a  special 
holder  or  socket  fitted  in  the  tailstock,  the  drill  being  fed  into 
the  work  the  same  as 
the  chucking  tools. 

73.     Starting  a 
Twist  Drill. — It  is 
essential    that    the 
twist  drill  be  started 
to  nm  true  and  that 
its  point  be  centered 
before  the  outer  cor- 
ner of  the  drill  has 
begun  to  cut.    After 
the  out,<;ide  comer  of  the  drill  has  entered  the  work,  its  position 
cannot  be  changed.     It  is  best  to  make  the  starting  point  true 
by  using  a  tool  in  the  tool  post,  as  shown  in  Fig.  61.     This  tool 
is  forged  with  a  thin,  flat  point  and  is  ground  like  the  point  of 
a  flat  drill.     The  hole  is  started  true  with  the  tool,  after  which 
the  twist  drill  in  the  tailstock  will  follow  in  the  hole  previously 
started.     A  tool  like  that  shown  in  the  illustration,  but  made 
to  cut  on  the  front  side  only,  is  often  used  to  turn  the  starting 
hole  true.     When  this  starting  tool  is  not  at  hand,  the  twist 
drill  may  be  started  true  by  placing  the  butt  of  an  ordinarj' 
lathe  tool  in  the  tool  post,  and  so  adjusting  it  that  it  just 
touches  the  twist  drill.     This  will  steady  the  point  of  the  drill 
sufficiently,  so  that  in  most  cases  it  will  start  true.     A  center 
fitting  the  dead  spindle  may  be  flattened  to  form  a  starting  drill. 
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TTFES  OF  BORINO  BASS 

74.  When  the  work  is  heavy  or  the  holes  comparatively 
long,  boring  can  be  done  by  clamping  the  work  to  the  carri^^e, 
and  revolving  the  tool  in  a  bar  held  between  the  lathe  centers. 
This  bar  is  called  a  boring  bar.  The  cutters  that  do  the 
boring  are  held  in  slots  in  the  b^r,  or  in  facing  heads  damped 
to  the  bar. 

75.  Boring  Bars  With  Fixed  Cutters. — ^A  ccanmon 
type  of  boring  bar  has  a  fixed  cutter  in  the  center  that  may 
project  sufficiently  to  cut  only  on  one  end,  or  it  may  project 
equally  on  each  side  of  the  bar  and  cut  at  each  end.  A  bar 
of.  this  type  is  shown  in  Fig.  62.  The  cutter  is  fitted  in  a 
rectangular  slot  and  is  held  in  place  by  a  key  k  driven  in  at 
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the  back.  The  cutter  blade  should  be  turned  to  the  desired 
diameter  before  it  is  hardened.  The  cutting  is  done  by  the 
points  or  edges  a  and  b.  When  this  style  of  bar  is  used,  it 
must  be  twice  as  long  as  the  hole  to  be  bored,  as  there  must 
be  room  for  the  work  at  one  side  of  the  cutter  before  it  is 
started,  and  room  for  it  to  pass  beyond  the  cutter  after  the 
cut  is  finished. 

76.  When  the  hole  in  the  work  is  large,  so  that  the  cutter 
would  project  a  considerable  distance  beyond  the  bar,  it  is 
best  to  fix  a  cutter  head  to  the  bar.  Such  a  head  is  shown 
in  F^.  63.  It  consists  of  a  cast-iron  collar  carefully  fitted 
to  the  bar  and  kept  from  turning  by  a  key  and  a  setscrew. 
Four  cutters  a  are  generally  inserted  in  the  head  and  held  in 
place  by  the  setscrews  s.  The  setscrews  b  are  used  to  adjust 
the  cutters.     It  will  be  seen  that  by  tightening  the  screws  which 
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stand  against  the  ends  of  the  cutters,  the  latter  will  be  pushed 
out  of  their  sockets.  As  the  cutter  becomes  short,  pieces 
must  be  put  be- 
tween it  and  the 
screw  to  make  the 
latter  effective, 

77.  Boring  Bar 
With  Traveling 
Head.  — W  hen 
much  boring  is  done 
in  heavy  work,  the 
traveling-head  or 
traverse-head,  type 
of  boring  bar,  shown 
in  Fig.  64,  is  more 
desirable,  as  by  this 
'*•"  method    the    work 

need  not  be  moved  along  the  latter.  The  bar  a  is  fitted  with 
a  head  k  that  sUdes  on  the  bar.  The  head  is  kept  from  rotat- 
ing on  the  bar  by  a  key  that  slides  in  a  k^yway  cut  the  entire 
length  of  the  bar.  Four  cutting  tools  b  are  used,  and  are  held 
in  place  by  setscrews  r.  Clamps  or  wedges  are  often  used  to 
hold  the  tools  in  the  head.  A  feed-screw  s,  supported  in  bear- 
ings at  either  end  of  the  bar,  passes  through  a  nut  in  the 
sliding  head.  By  revolving  the  feed-screw,  the  head  is  moved 
along  the  bar.  The  feed-screw  is  generally  set  in  a  slot 
cut  in  the  side  of  the  bar.    The  screw  is  thus  protected 
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from  injury  and  dirt.     A  star  wheel  w  on  the   end  of    the 
feed-screw  is  tripped  by  a  stud  secured  to  some  part  of  the 
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machine  and  rotates  the  feed-screw  a  part  of  a  turn  each 
time  the  bar  revolves.  This  movement  gives  the  feed  of 
the  head.  

CaATTERINO 

78.  Chattering  o£  a  tool,  which  produces  a  rough  cor- 
rugated surface  on  the  work,  may  be  traced  to  many  sources. 
When  chattering  takes  place  the  action  is  as  follows:  The 
tool  is  caught  by  the  work  and  drawn  in  so  as  to  cut  deeply ; 
when  it  has  sprung  in  a  certain  depth,  the  tool  and  the  work 
are  placed  under  a  strain  that  causes  them  to  spring  apart. 
These  performances  take  place  in  quick  succession,  and  in 
more  or  less  of  a  rhythmical  order,  producing  at  times  a  musical 
sound,  and  at  other  times  a  most  discordant  noise.  This 
springing  action  may  be  traced  to  different  causes:  to  the 
frailty  of  the  work,  as  in  long, 
slender  shafts  or  large  pieces 
being  turned  on  slender  arbors; 
to  the  method  of  driving  or  ro- 
tating the  work;  to  looseness  of 
the  spindle  in  the  headstock  '''°  ** 
bearings;  to  looseness  in  the  cross-slide  of  the  tool  rest;  to 
looseness  between  the  lathe  centers;  or  to  the  peculiar  shape 
or  manner  of  setting  the  tool.  Broad-edged  tools  have  a  greater 
tendency  to  chatter  than  narrow  ones. 

79.  Chatter  marks  may  be  prevented  by  grinding  or 
setting  the  tool  so  that  its  top  face  has  a  slight  angle  of  top 
side  rake,  just  sufficient  to  keep  the  broad  edge  of  the  tool 
from  falling  into  the  old  chatter  marks.  If,  in  Pig.  65,  the 
cutting  edge  of  the  tool  lies  in  the  horizontal  line  AB,  the 
chatter  marks  will  be  parallel  to  it.  These  chatter  marks 
can  generally  be  prevented  by  giving  the,  tool  top  side  rake 
along  the  line  CD.  When  remedies  in  the  way  of  adjustment 
of  the  tool  and  the  work  and  methods  of  driving  have  been 
tried  without  avail,  the  spring  tool  often  proves  successful 
in  preventing  the  chatter  marks. 
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(PART  3) 


LATHE  OPERATIONS 


CUTTING  SPEEDS  AJTD  FUUU8 


CVITINO    8PBBD 

1  •  The  cutting  speeds  and  feeds  of  tools  should  be  care- 
fully studied,  for  the  output  of  work  from  a  machine  and 
the  cost  of  production  depend  very  largely  on  the  cutting 
speed  used.  The  cutting  speed  of  a  tool  is  the  speed  at 
which  it  cuts  the  work,  measured  in  feet  per  minute.  Before 
discussing  cutting  speed,  a  very  clear  understanding  should  be 
had  of  its  exact  meaning.  Suppose  that  the  speed  of  a  lathe 
is  such  that  the  tool  can  cut  in  1  minute  a  shaving  that,  if 
it  could  be  strsughtened,  would  measure  20  feet  in  length. 
The  cutting  speed  is  then  20  feet  per  minute.  If  the  speed 
of  the  lathe  were  such  that  the  tool  would  cut  a  shaving  10  feet 
long  in  1  minute,  the  cutting  speed  would  be  10  feet  per  minute. 

2.  The  cutting  speed  and  the  number  of  revolutions  per 
minute  of  the  work  must  not  be  confused.  Suppose  that 
two  lathes  are  running  at  the  same  speed  of  50  revolutions 
per  minute  and  that  one  is  turning  a  piece  1  inch  in  diameter 
while  the  other  is  turning  a  jiicce  2  inches  in  diameter,  the 
circumference  of  the  1-inch  piece  is  3.14  inches  and  that  of 
the  2-inch  piece  is  6.28  inches.     In  the  case  of  the  1-inch  piece 
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the  tool  passes  over  3.14  inches  for  each  revolution,  and  in 
50  revolutions  it  will  pass  over  50x3.14  =  157  inches  =  13  feet 
1  inch,  which  is  the  cutting  speed.  The  2-inch  piece  has 
twice  the  circumference  of  the  1-inch  piece,  and  in  this  case 
the  tool  will  pass  over  twice  the  distance,  or  26  feet  2  inches, 
which  is  the  cutting  speed  in  the  second  case.  It  will  thus 
be  seen  that  the  cutting  speed  varies  directly  with  the  diameter 
of  the  work  when  the  speed  of  the  lathe  remains  constant. 


CONDTTIONa    OOVERNINO    CtTmNO    S^SED 

3.  Factors  Zjlmltlng  Cutting  Speed. — The  cutting 
speed  should  always  be  as  great  as  the  nature  of  the  work 
or  the  durabiUty  o£  the  tool  will  allow.  The  limit  of  the 
cutting  speed  depends  on  the  durability  of  the  tool.  A  oarbon- 
steel  tool  that  will  cut  well  when  the  work  is  running  at  a  low 
cutting  speed  may  neither  cut  well  nor  endure  long  when  the 
cutting  speed  is  much  increased.  The  limit  may  be 'ascer- 
tained by  a  number  of  speed  trials.  At  a  moderately  low 
speed  the  tool  retains  its  edge;  but  if  the  speed  is  increased 
the  tool  wUl  heat  at  the  point,  the  temper  will  be  started. 
and  the  point  will  be  softened  and  quickly  worn  away.  As 
soon  as  the  cutting  point  or  edge  is  dulled,  the  friction  increases, 
and  greater  heat  is  generated,  so  that  the  entire  point  of  the 
tool  will  very  soon  be  worn  away. 

4.  Ltmlt  of  Cutting  Speed. — The  greatest  speed  at 
which  the  tool  will  retain  its  cutting  edge  a  sufficiently  long 
time  to  turn  a  fair  amount  of  work  is  the  limit  of  cutting 
speed.  In  cutting  iron  or  stcci  running  at  higji  speed  the 
temper  is  soon  drawn  ircan  the  tool  so  that  it  will  not  cut. 
Soft  pieces  of  steel  that  could  easily  be  turned  at  a  low  speed 
would,  when  running  rapidly,  wear  away  the  point  of  the 
hardest  carbon-steel  tool  nearly  as  fast  as  if  the  tool  were 
brought  against  a  rapidly  revolving  emery  wheel.  The  limit 
of  cutting  speed  varies  greatly.  In  attempting  to  determine 
the  limit,  it  will  be  found  to  depend  largely  on  the  kind  of 
metal   being   turned,    the   hardness   of   the   particular  piece, 
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whether  the  cut  is  a  heavy  roughing  cut  or  a  finishing  cut, 
the  diameter  and  length  of  the  work,  and  whether  the  tool 
is  made  of  carbon  steel  or  of  alloy  steel, 

5.  Effect  of  Ktnd  of  Metal  on  Cutting  Speed. — The 
cutting  speed  is  greater  for  soft  metals  than  for  hard.  This 
is  illustrated  by  the  high  speed  used  for  wood-cutting  tools. 
Copper,  brass,  babbitt,  and  similar  metals  will  admit  of  a 
much  higher  cutting  speed  than  cast  iron  or  steel.  One  reason 
why  copper  will  admit  of  a  higher  cutting  speed  than  iron 
is  because  it  is  softer  and  less  force  is  required  to  turn  the 
shaving;  consequently,  less  heat  is  generated  at  the  cutting 
point  of  the  tool.  Moreover,  copper  is  such  an  excellent 
conductor  of  heat  that,  as  soon  as  the  heat  is  generated,  it 
is  at  once  conducted  from  the  point  of  the  tool,  so  that  the 
heat  cannot  accumulate  as  fast  as  in  iron  or  steel.  It  will 
be  found  in  turning  iron  or  steel  that  the  work  and  the  shank 
of  the  tool  keep  quite  cool,  most  of  the  heat  being  concentrated 
at  the  point  of  the  tool  and  in  the  shaving.  Whatever  the 
metal  being  turned,  the  speed  must  be  slow  enough  to  give 
the  heat  time  to  pass  into  the  work  before  it  becomes  sufficient 
to  draw  the  temper  of  the  tool. 

6.  The  tool  becomes  hotter  than  the  work  because  it 
cuts  continuously  and  the  Mction  of  the  chip  on  its  face  is 
great;  whereas,  the  work  is  continually  changing  its  position 
and  bringing  new  points  in  contact  with  the  tool.  The  heated 
part  of  the  work  is  thus  allowed  to  cool  while  it  is  completing 
the  revolution.  The  shaving,  which  is  light  compared  with  the 
mass  o£  the  work,  has  no  way  of  distributing  its  heat  except 
by  radiation,  and  consequently  it  comes  away  from  the  work 
at  a  temperature  nearly  equal  to  that  at  the  point  of  the 
cutting  tool.  To  a  certain  degree,  the  rotating  of  a  large 
piece  tends  to  keep  the  point  of  the  tool  cool;  for  the  tool 
no  sooner  severs  a  part  of  a  shaving  at  one  point  on  the 
surface  of  the  work  than  a  second  point  is  presented  to  it, 
and  so  on  aroimd  the  work,  the  tool  constantly  b«ng  forced 
into  cool  metal,  which,  for  an  instant,  would  tend  to  cool  the 
point. 
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7.  When  the  lathe  tool  is  exceedingly  sharp,  a  greater 
amount  of  heat  is  generated  by  the  force  required  to  turn 
the  shaving  than  by  the  act  of  severing  it.  The  force  required 
to  make  a  sharp  tool  cut  the  work  depends  on  the  angle  of 
the  top  and  side  faces,  and  if  a  blade  could  be  made  infinitely 
thin,  with  its  edge  infinitely  sharp,  it  would  be  found  that 
the  mere  act  of  severing  a  shaving  would  require  very  little 
power.  As  an  illustration,  the  thin  blade  of  a  cheese  knife  will 
pass  easily  through  a  cheese;  whereas,  greater  pressure  is 
required  if  a  thick,  wedge-shaped  knife  is  used.  This  greater 
pressiu^  is  necessary  to  bend  aside  the  parts  before  the  blade 
can  enter  farther. 

8.  It  may  be  assumed,  therefore,  that  the  heat  generated 
in  taking  a  cut  is  due  to  the  bending  and  turning  aside  of 
the  shaving,  and  to  the  friction  of  the  shaving  on  the  top 
face  of  the  tool  and  of  the  work  on  the  front  face.  This  applies 
to  a  tool  with  a  sharp  edge.  The  peculiar  wear  sometimes 
noticed  on  tools  that  are  considered  excellent  is  thus  partly 
explained.  Fig.  1  shows  a  tool  as  it  is  sometimes  worn  after 
a  cut  is  taken  on  steel.  It  will  be  noticed  that  the  cutting  edge 
a  b  has  retained  its  original  sharpness  and  that  immediatdy 
behind  it  a  small  groove  c  has  been  worn. 

9.  This  peculiar  wear  may  be  explained  by  assumii^  that 
the  cutting  edge  possesses  an  unusually  fine  temper,  being  of 
sufficient  hardness  to  retain  its  keen  cutting  qualities  and 
at  the  same  time  is  tough  enough  not  to  break.  This  keen  edge 
severs  the  shaving  easily,  and  causes  but  Uttle  heat.  As  fast 
as  it  enters  the  work  it  comes  in  contact  with  cool  points,  which 
tends  to  keep  the  edge  cool.  At  the  instant  the  shaving  is 
severed  or  cut  loose  from  the  work,  it  is  at  once  turned  from  its 
course  by  sliding  on  the  top  face  of  the  tool.  The  heat  thus 
generated  slightly  softens  the  top  face  of  the  tool,  and  the 
shaving  tends  to  wear  away  this  top  face  as  it  turns  and  slides 
from  the  tool.  This  is  more  apt  to  occur  when  light  cuts  are 
being  taken  at  high  speeds. 

10.  At  high  speeds  the  edge  of  the  tool  is  more  rapidly 
cooled  because  of  the  succession  at  which  the  cool  points  on 
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the  work  are  brought  against  it.  At  slower  speeds,  with  heavy 
cuts,  the  heat  from  turning  the  shaving  overbalances  the  codling 
action  of  the  work;  consequently,  the  e<^e  of  the  tool  suffers 
trom  becoming  hot.  It  must  not  be  inferred  from  these  state- 
ments that  a  tool  will  stand  better  at  a  high  than  at  a  low  rate 
of  speed,  for  such  is  not  the  case.  If,  in  the  case  of  the  tool 
shown  in  Fig.  1,  the  speed  had  been  slightly  reduced,  the  tool 
would  have  done  the  work  just  as  well  and  woidd  not  have  been 
worn  on  the  top  face.  The  limit  of  cutting  speed  had  been 
reached  in  this  case,  and  increasing  it  even  slightly  would  have 
ruined  the  tool. 

11.    The  power  required  to  make  a  tool  cut  depends  on 
the  angles  made  by  the  cutting  faces,  and  the  harder  the 


material  being  cut,  the  less  sharp  should  the  cutting  angle  be. 
A  large  angle  of  the  cutting  faces  is  necessary  to  support  the 
cutting  edge,  as,  for  hard  materials  the  tool  must  be  exceed- 
ingly hard,  or  the  sharp  edge  will  be  pressed  down  and  rounded. 
This  is  what  really  does  occur  as  a  tool  dulls.  The  keen 
cutting  edge  is  worn  off  to  a  rounded  surface,  as  shown  much 
exaggerated  at  a.  Fig.  2.  As  soon  as  the  keen  edge  becomes 
nnmded,  heat  is  generated  at  this  edge  as  it  is  forced  to  sever 
the  shaving,  and  the  more  it  becomes  rotmded  the  more  heat 
is  generated,  until  at  last  the  tool  will  cease  to  cut.  If  the 
edge  were  sufficiently  hard  to  reast  the  pressure  of  very  hard 
material,  it  would  be  so  brittle  that,  unless  the  cuttii^  edge 
were  well  supported,  the  tool  would  break.  Keen  acute 
angles  would  cut  more 'easily  and  be  more  desirable  if  they 
would  not  break. 

12.    It  is  thus  seen  that  for  hard,  tough  materials,  hard 
tools  with  little  top  rake  must  be  used,  but  that  for  softer 
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materials,  greater  keenness  or  top  rake  may  be  given.  Because 
of  the  greater  power  required  to  force  tools  having  little  keen- 
ness into  the  work,  a  greater  amount  of  heat' will  be  developed. 
As  the  limit  of  cutting  speed  is  governed  by  the  amount  of 
heat  generated,  the  tool  having  the  smaller  keenness  must 
be  used  at  a  lower  speed  than  the  keener  one;  otherwise,  it 
will  pass  its  heating  limit. 

This  apphcs  in  the  same  way  to  cuts  taken  on  the  sanrte 
kind  of  material  that  varies  in  degree  of  hardness.  Cast 
iron,  for  instance,  will  be  found  to  vary  a  great  deal  in  its 
degree  of  hardness,  some  being  very  soft  and  some  very  hard. 

13.  If  two  pieces  are  of  the  same  strength  or  hardness, 
the  more  acute  the  tool  the  less  the  power  required  to  -force 
it  into  the  work.  With  two  took  of  the  same  shape,  and 
taking  the  same  depth  of  cut  in  materiab  of  different  degrees 
of  hardness,  the  softer  material  will  require  the  less  power, 
because  of  the  ease  with  which  the  shaving  is  bent  and  turned 
from  the  tool.  The  softer  material,  therefore,  develops  less 
heat  for  the  same  shape  of  tool  and  depth  of  cut  than  the 
harder  material;  consequently,  an  increased  speed  may  be  used. 

14.  Roughing  Cuts. — Roughing  cuts  are  generally  heavy 
and  generate  much  heat.  It  therefore  becomes  necessary 
to  use  slower  cutting  speeds  for  roughing  than  for  finishing 
cuts,  to  prevent  biuTiing  the  tool 

15.  Ftnlshing  Cuta. — Finishing  cuts  when  short,  are 
best  made  at  a  high  cutting  speed,  especially  on  cast  iron, 
as  a  smoother  surface  will  result  than  can  be  obtained  with 
a  slower  cut.  When  a  slow  cutting  speed  is  used  on  cast  iron, 
there  is  a  tendency  for  the  shavings  to  break  out  of  the  work 
slightly  in  advance  of  the  cutting  edge,  because  of  the  crystal- 
line structure  of  the  material.  This  is  shown  in  somewhat 
exaggerated  fonn  in  Fig.  3,  where  a  shaving  a  is  shown  just 
a.s  it  is  breaking  from  the  work.  When  the  slow  speed  is  used, 
the  shaving  breaks  slowly  from  the  work  and  in  so  doing 
breaks  into  the  surface  and  carries  away  with  it  particles  of 
metal  that  should  be  left.     This  leaves  a  surface  that  is  more 
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or  less  pitted,  and  should  it  be  desired  to  finkh  it  by  polishing, 
these  Ettle  pits  will  be  found  of  sufficient  depth  to  make  it 
very  difficult  to  obtain  a  fine  polish.  When  a  higher  speed 
is  used,  or  the  tool  is  ground  with  a  keener  cutting  edge,  this 
pitting  will  disappear. 

16.    Influence  of  Diameter  on  Resistance  to  Cat. 

Suppose  that  a  diamond-pointed  tool  is  turning  a  diaft  of 
the  diameter  represented  by  the  circle  e.  Fig.  4,  to  the  size 
represented  by  the  dotted  lines.  The  force  or  pressure  on 
the  top  face  of  the  tool  is  measured  in  a  direction  at  right 
angles  to  the  face  of  the  tool;  therefore,  the  direction  of  the 
force  on  this  tool  is  along  the  line  c  o  perpendicular  to  a  o. 


This  line  intersects  the  circumference  of  the  outer  circle  at  b. 
Now  suppose  that  the  tool  is  taking  the  same  depth  of  cut 
on  a  smaller  shaft  represented  by  the  circle  g.  The  force  of 
the  cut  will  be  in  the  same  direction  as  in  the  previous  case 
along  the  line  c  o.  The  line  c  o  intersects  the  smaller  cir- 
cle at  d.  These  lines  d  o  and  b  o  graphically  represent  the 
relative  forces  required  to  turn  the  shaving.  In  the  larger 
piece,  the  shaving  has  a  backing  and  support  extending  from 
the  point  of  the  tool  to  the  point  6;  but  in  the  smaller  piece 
the  shaving  is  backed  only  by  metal  to  the  point  d.  It  will 
readily  be  seen  that  less  power  will  be  required  to  turn  the 
shaving  on  the  smaller  piece  than  on  the  larger  one.  Because 
of  this,  it  is  theoretically  possible  to  take  a  deqjer  cut  on  the 
small  piece  with  the  same  power  required  for  the  original 
depth  of  cut  on  the  larger  piece. 
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17.  Average  Catting  Speeds. — The  cutting  speed 
depends  on  so  many  conditions  that  no  exact  rule  can  be 
given  that  will  apply  to  all  cases.  Different  cutting  speeds 
have  been  given  for  the  different  metals,  but  these  vary  greatly. 
An  average,  however,  has  been  taken,  as  given  in  Table  I, 
which  gives  fair  speeds  that  may  be  used  under  favorable 
conditions  for  taking  roughing  cuts  of  medium  depth  with 
carbon-steel  tools.  It  will  be  noticed  in  this  table  that  the 
cuttir^  speed  of  brass  is  considerably  greater  than  that  of 
iron  or  steel,  and  that  the  cutting  speed  is  increased  for  the 
small  diameters  of  work,  although,  theoretically,  the  diameter 
of  the  work  should  not  affect  the  cutting  speed.  The  cutting 
speeds  given  for  cast  ir«i  are  for  short  cuts  taken  on  very 
soft  castings.  Lcmg,  continuous  cuts  on  hard  castings  require 
a  cutting  speed  somewhat  below  that  given  in  the  table. 
Experience  has  shown  that  a  higher  cutting  speed  can  be 
vised  on  machinery  steel  than  on  cast  iron  that  is  gritty,  because 
of  the  dulling  effect  of  the  grit  on  the  tool. 

18.  Relation  of  Tool  Steel  to  Cutting  Speed.— When 
high-speed  steel  tools  are  tised,  the  cutting  speeds  of  machine 
tools  may  be  much  increased.  This  is  due  largely  to  the 
amount  of  heat  these  tools  will  stand  before  their  temper 
is  affected.  With  srane  of  the  best  brands  of  high-speed  steel, 
the  rate  of  cutting  speed,  compared  with  that  used  with 
carbon-steel  tools,  is  doubled  or  even  trebled.  With  these 
tools,  shavings  may  often  be  cut  from  tool  steel  at  such  a  h^h 
cutting  speed  that  the  heat  generated  will  sometimes  be 
sufficient  to  draw  the  temper  color  on  the  steel  shaving  to 
a  dark  blue.  This  is  equivalent  to  a  temperature  of  about 
550°  F.  The  best  high-speed  toots  will  work  well  when  the 
point  of  the  tool  is  at  a  dark  red. 

19.  Use  of  Low  Cutting  Speeds. — ^Although  in  most 
cases  it  is  desirable  to  work  up  to  the  limit  in  cutting  speed, 
it  is  not  always  advisable.  With  a  single-pointed  turning 
tool  that  may  be  quickly  and  easily  sharpened,  it  is  a  desirable 
thing  to  do.  In  the  case  of  special  tools  intended  to  perform 
certain  finishing  operations  and  when  the  accuracy  of  the 
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piece  depends  to  some  extent  on  the  action  of  the  special  tool, 
then  that  tool  should  be  favored  by  using  lower  cutting  speeds. 
For  example,  consider  a  reamer  that  is  to  finish  holes  smooth 
and  true  and  to  an  exact  diameter  within  a  thousandth  of 

TABLE  I 


BELATIVE    CUTTINO    BFBEDS    OF 

tlETAU   WITH 

CABBON-STEXX    TOOI* 

Diameter 

Cutting  Speed 

Materi&l 

of  Work 

in  Feet 

Inches 

Per  Minute 

38 

Wrought  Iron 

I 

35 

ii 

25 

1 

45 

Cast  Iron 

ij 

45 

2 

40 

2i 

40 

24 

Tool  Steel 

, 

20 
20 

I* 

18 

110 

Brass 

> 

100 

90 

li 

80 

an  inch.  The  size  of  the  hole  will  depend  on  the  size  of  the 
reamer,  and  when  the  cutting  edge  is  worn  away  one-half 
thousandth  of  an  inch,  the  reamer  will  make  the  holes  too 
small.    Sudi  a  tool  should  be  handled  with  care  and  the 
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cutting  speed  sacrificed  for  the  sake  of  maintaining  the  cut- 
ting edge.  Taps  and  dies  should  not  be  run  at  such  high 
cutting  speeds  as  can  be  used  for  lathe  tools.  Chucking  took 
should  also  be  favored,  especially  if  they  are  intended  to  rem^ 
at  a  particular  size.  Due  care  and  judgment  must  be  exer- 
cised in  each  case  to  get  the  best  results. 


20.  There  are  two  ways  of  expressing  the  feed  of  a  tool. 
Usually,  feed  is  taken  to  mean  the  amount  of  sidewise  move- 
ment of  the  tool  along  the  bed  during  one  complete  revolution 
of  the  work;  thus,  if  a  tool  moves  J  inch  lengthwise  of  the 
bed  while  the  work  makes  one  turn,  the  feed  is  i  inch.  Some- 
times the  feed  is  expressed  as  the  number  of  revolutions  made 
by  the  work  while  the  tool  moves  1  inch  along  the  bed;  thus, 
a  feed  of  10  indicates  that  the  work  makes  10  turns  while  the 
tool  moves  1  inch,  which  corresponds  to  a  movement  of  iV  inch 
for  each  revolution. 

21.  Relation  of  Feed  to  Material.— The  best  feed  to 
use  on  a  piece  of  work  depends  on  many  conditions.  When 
cylindrical  accuracy  is  desired  on  wrought-Jron  or  steel  shafts, 
it  is  best  to  use  a  fine  feed  for  finishing,  since,  with  a  fine  feed, 
it  is  possible  to  use  a  tool  with  a  narrow  point.  The  narrow- 
pointed  tool  will  cut  more  freely  and  consequently  with  less 
spring  to  the  tool  and  the  work.  Time,  however,  is  of  great 
importance  in  machine  work,  and  sometimes  coarser  feeds  will 
finish  with  sufficient  accuracy.  The  allowable  feed  depends  on 
the  width  of  the  point  of  the  lathe  tool,  the  point  of  the  tool 
being  slightly  wider  than  the  amount  of  feed  per  revolution, 

22.  Cast  iron  will  generally  admit  of  heavier  feeds  than 
wrought  iron  .or  steel.  This  is  due  largely  to  the  difference 
in  the  action  of  the  shaving  on  the  tool.  In  cast  iron  there  is 
a  tendency  for  the  shaving  to  break  immediately  when  it  is 
turned  out  of  its  coiu^e  by  the  top  face  of  the  cutting  tool. 
This  constant  breaking  of  the  shaving  tends  to  relieve  the 
tool  of  undue  pressure.     In  wrought  iron  or  steel  the  shaving 


^dbyGoOgle 


§17  LATHE  WORK  11 

does  not  break  up  so  easily.  When,  jn  turning  steel,  the 
broad  cutting  edge  of  the  tool  is  set  parallel  to  the  axis  of 
the  work,  any  slight  pressiu^  that  may  tend  to  spring  the 
tool  into  the  work  causes  the  whole  broad  edge  to  spring  in. 
The  tool  will  take  instantly  a  very  much  deeper  hold,  and, 
because  of  the  tenacity  of  the  steel,  the  tool  will  be  carried 
deeper  and  deeper  until  it  reaches  a  point  where  the  strain 
on  the  tool  balances  the  pressure  of  the  shavij^,  at  which 
point  the  tool  will  continue  to  cut  at  this  depth.  If  the  work 
is  not  sufficiently  rigid  to  hold  its  shape  while  the  tool  is  thus 
sprui^  and  taking  a  deep  cut,  the  piece  will  bend  slightly. 
As  the  hollow  side  of  the  bent  piece  comes  around  to  the 
tool,  the  cut  will  grow  less  until  the  heavy  side  again  comes 
around,  whereupon  the  cut  will  be  heavier  than  befoi;e,  and 
in  most  cases  the  work  will  be  ruined.  Broad  cutting-edged 
tools  should  never  be  put  on  a  piece  of  wrought  iron  or  steel, 
unless  the  operator  is  quite  sure  that  there  is  sufficient  rigidity 
to  withstand  the  cut. 

CAI£DLATIONS    KBLATINd    TO    CtTFTINO    SPEEDS 

23.  Finding  Cutting  Speed. — ^The  cutting  speed  of  a 
turning  tool  is  the  distance  in  feet  traveled  in  1  minute  by 
a  point  on  the  surface  of  the  work,  and  this  is  foimd  by  multi- 
plying the  circumference  of  the  work,  in  feet,  by  the  number 
of  revolutions  per  minute.  The  circumference  of  a  circle, 
in  feet,  is  found  by  multiplying  the  diameter,  in  inches,  by 
3.1416  and  dividing  the  product  by  12;  thus,  a  piece  3  inches 
in  diameter  has  a  circumference  of  3X3.1416  =  9,4248  inches, 
or  9.4248-M2  =  .7854  foot.  As  3.14I6-M2  =  .26l8,  the  calcu- 
lation may  be  shortened  by  multiplying  the  diameter,  in  inches, 
by  .2618  to  find  the  circumference  in  feet;  that  is,  for  a  piece 
3  inches  in  diameter,  the  ciromiference  is  3  X  .2618  =  .7854  foot. 
The  cutting  speed  in  any  case  may  be  foiuid  by  the  following 
rule: 

Rule. — To  find  the  cutting  speed,  in  feet  per  minute,  multi- 
ply .2618  times  the  diameter  of  the  work,  in  inches,  by  the  number 
of  revolutions  per  minute  of  the  work.  , 
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ExAHFLK. — A  shaft  that  is  being  turned  to  a  diameter  of  2^  inches  makes 
7S  revolutions  per  minute.    What  is  the  (fitting  speed? 

SoLimoK, — Applying  the  rule,  the  cutting  speed  is 
.2618x21x76-49  ft  per  min.    Ans. 

24.  FtDdlng  Revolutions  for  Desired  Cutting  Speed. 

When  a  certain  cutting  speed  has  been  decided  for  a  given 
piece  of  work,  it  may  be  necessary  to  find  the  number  of 
revolutions  per  minute  that  the  work  must  make,  which  may 
be  done  by  the  following  rule: 

Rule. — To  find  the  number  of  revolutions  per  minute  cor- 
responding to  a  desired  cutting  speed,  divide  the  cutting  speed 
by  .£618  times  the  diameter  of  the  work,  in  inches. 

EXAUFLB. — How  many  revolutions  per  minute  must  a  B-inch  steel 
shaft  make  to  give  a  cutting  speed  of  20  feet  per  minutef 

ScH.imoN. — Applying  the  rule,  the  required  speed  is 

--^-8tR.P.  M.    Ans. 
.2618X9      ' 

25.  Finding  Time  Required  to  Take  Cat. — The  time 
required  to  take  a  cut  over  a  piece  of  work  of  known  diameter, 
with  a  given  feed  and  a  fixed  cutting  speed  may  be  calculated 
by  the  following  rule: 

Rule. — To  find  the  time,  in  minutes,  required  to  turn  a  piece 
of  work,  multiply  .S618  times  the  diameter  of  the  work,  in  inches, 
by  the  length  of  the  work,  in  inches,  and  divide  this  product  by  the 
cutting  speed  multiplied  by  the  feed,  in  inches,  per  revolution  of 

the  work. 

Example. — How  long  will  it  take  to  turn  up  a  flywheel  20  feet  in  diam- 
eter and  with  a  24-inch  face  if  the  cutting  speed  is  16  feet  per  minute  and 
the  teed  is  J  inch  per  revolution  of  the  wheel? 

Solution. — A  diameter  of  20  ft  is  equal  to  240  in.  Applying  the  rule, 
the  time  required  is 

.2618X240X24    „,      .       „..„.. 


15Xj  " — '■"—    — 

26.     Advantage  of  Coarse  Feeds. — When  the  finishing 
cut  is  being  taken  on  a  large  piece,  it  is  desirable  to  have  the 
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tool  retain  its  sharp  edge  until  the  operation  is  completed, 
so  that  the  last  part  of  the  cut  will  be  as  smooth  and  true 
as  the  first.  On  heavy  work  it  is  best  to  use  a  coarse  feed 
and  slow  cutting  speed.  When  the  tool  dulls,  it  ^so  becomes 
necessary  to  resharpen  it  before  the  cut  is  completed.  As 
it  takes  some  time  for  the  work  to  make  a  revolution,  by  the 
time  the  tool  is  adjusted  to  the  same  depth  as  before  and 
the  feeds  are  again  working,  much  time  is  lost. 

27.    Suppose  that,  in  the   example  of  Art.   25,   a  ffed 
of  I'lr  inch  and  a  cutting  speed  of  18  feet  p6r  minute  were, 
used.    The  time  required  would  then  be 
.2618X240X24_ 


18XA 


=  838  minutes 


This  is  equal  to  13  hoiu-s  58  minutes.  Also,  the  length  of  shav- 
ing with  A-inch  feed  would  be  3.1416X20x24-^-iV=  15,080 
feet,  or  nearly  3  miles.  No  tool  would  cut  nearly  3  miles  of 
shaving  without  getting  dull,  and  the  time  would  be  con- 
siderably more  than  is  necessary.  On  such  a  piece,  the  feed 
would  be  increased  to  nearly  1  inch  per  revdution  and  the 
cutting  speed  reduced  to  about  15  feet  per  minute.  This 
would  reduce  the  length  of  the  shaving  to  1,608  feet,  and 
would  require  about  100  minutes,  or  1  hour  40  minutes.  The 
time  is  thus  decreased  to  about  one-eighth  the  original,  which 
makes  it  possible  to  use  a  tool  that  will  last  throughout 
the  cut. 
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28.  Suppose  that  the  piece  of  work  to  be  turned  is  to  ha.ve, 
when  it  is  finished,  the  shape  and  dimensions  shown  in  Fig.  5. 
The  original  bar,  or  stock,  as  it  is  called,  must  then  be  longer 

than  12  inches,  to  allow  the 
ends  to  be  squared  to  the 
correct  length ;  and  it  must 
^^- '  exceed  2  inches  in  diameter, 

to  allow  the  outer  surface  to  be  turned  off.  Suppose  that  the 
stock  is  12i  inches  long  and  2i  inches  in  diameter.  The  first 
step,  then,  is  to  center  the  ends  of  the  work,  after  which  center 
holes  must  be  drilled  and  reamed  so  that  the  work  can  be  held 
between  the  centers  of  the  lathe. 

29.  Locating  Centers  by  Dividers. — The  operation  of 
locating,  drilling,  and  reaming  the  center  holes  is  one  of  impor- 
tance and  requires  careful  attention.     Various  methods  are 
used  for  locating  center  holes,  de- 
pending on  the  shape  of  the  piece 

and  the  ntimber  of  pieces  to  be  cen- 
tered. If  the  stock  is  roimd  and 
true,  the  center  may  be  located 
roughly  by  placing  the  work  on  a 
flat  surface  and  using  a  pair  of 
dividers,  set  to  about  half  the 
diameter  of  the  work,  for  scribing 

lines  on  the  end,  as  shown  in  Fig.  6.  The  dividers  are  drawn 
across  the  chalked  end  of  the  work,  scribing  one  line;  the  woric 
is  turned  a  quarter  revolution  and  another  line  is  scribed,  and 
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so  on  until  there  are  four  lines  intersecting,  as  shown.  The 
center  of  the  square  at  the  center  is  approximately  the  center 
of  the  work,  provided  the  dividers  were  held  at  the  same  angle 
with  the  work  each  time  a  line  was  scribed.  A  prick-punch 
mark  made  in  the  center  of  the  square  locates  the  trial  center, 
30.  Locating  Centers  by  Surface  Gaugre.— Instead  of 
the  dividers,  a  surface  gauge  or  scriber  block  may  be  used 
for  scribing  the  lines.  Fig.  7  shows  how  a  siuface  gauge  a 
may  be  used  for  locating  centers  on  a  bolt  b.  In  this  piece, 
it  is  desirable  to  make  the  center  true  with  the  stem  or  shank 
of  the  bolt,  as  the  head  cannot  always  be  depended  on  to 
be  foiled  true  with  the  shank;     The  bolt  is  placed  in  the  V's 


<rf  two  blocks  c,  which  should  hold  the  bolt  high  enough  from 
the  bench  or  table  that  the  head  will  not  touch  when  the 
bolt  is  revolved  in  the  V's.  The  scriber  point  of  the  siu*face 
gauge  is  then  set  to  about  the  center  of  the  work  and  the 
four  lines  are  scribed,  one  at  each  quarter-tiun,  intersecting 
as  shown. 

31.  Locating  Centers  by  Hermaphrodites. — Another 
method  of  locating  the  center  is  by  the  use -of  hermaphrodites. 
as  shown  in  Fig.  8.  The  hermaphrodites  are  set  so  that  the 
pointed  leg  comes  near  the  center  of  the  work.  With  the  bent 
leg  at  the  respective  points  a,  b,  c,  and  d,  four  arcs  are  scribed, 
intersecting  as  shown,  and  forming  a  small,  four-sided  central 
figure.  The  center  e  of  this  central  figure  is  the  approximate 
center  of  the  end  of  the  work. 
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32.    Locating  Centers   by   Cup  Center. — When  there 
are  many  pieces  to  be  centered,  time  can  be  saved  in  locating 


0 

0  4> 


m 


the  centers  by  the  tise  of  a  cup  center,  shown  in  Fig.  9.     The 
conical  opening  in  the  end  is  placed  over  the  end  of  the  work, 
~  as  shown,  and  a  light  blow  on  the  prick 

punch  p  with  a  hammer  is  sufficient  to 
mark  the  center.  If  the  end  of  the 
work  to  be  centered  is  untrue,  as  in 
Fig.  10,  or  if  the  device  is  not  held  true 
on  the  end,  as  in  Fig.  11,  it  will  not 
locate  the  center  accurately.  The  line 
a  b  shows  the  center  line  of  the  work, 
and  cd  the  center  line  of  the  punch. 
Fig.  12  shows  a  centering  device  that 
insures  that  the  punch  and  the  work 
wiU  be  held  in  line,  but  does  not 
overcome  errors  due  to  untrue  ends, 
as  shown  in  Fig.  10. 

33.    Testing  location  of  Cen- 

^"^-  '^  ters. — ^When  the  stock,  or  the  rough 

piece  to  be  finished,  is  very  close  to  the  finished  size,  it  is  best 
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to  test  the  accuracy  of  the  location  of  the  centers  before  they 
are  actually  drilled  and  reamed.  In  the  case  of  light  work  this 
may  be  done  by  supporting  it  between  the  centers  of  the  lathe, 
allowing  the  points  of  the  lathe  centers  to  enter  the  prick- 
punch  marks  made  in  the  ends  of  the  work.  While  thus  sup- 
ported, the  work  should  be  revolved  rapidly  by  drawing  the 
hand  quickly  across  it.  While  the  work  is  thus  spinning  on 
the  center  points,  chalk  is  so  held  that  it  will  just  touch  any 
high  spot  on  the  work.  If  there  is  an  untrue  end  or  a  high 
side,  the  chalk  will  mark  the  high  place.  The  center  mark  is 
then  moved,  until  the  work  will  run  with  sufficient  accuracy  to 
insure  the  correct  location  of  the 


34.  Changing  Center 
Harka. — The  center  marks  in  the 
ends  may  be  changed  slightly  in 
location  by  using  a  prick  punch 
and  slanting  it  in  the  direction  . 
in  which  it  is  desired  to  move  the 
mark,  as  shown  in  Fig.  13  (a),  or 
the  prick  punch  may  be  held  at 
one  side  of  the  center,  as  shown 
in  {&).     In  the  latter  case,  the 

point  of  the  punch  will  move      <"'  ^'"'^     <^> 

toward  the  old  center  when  struck,  but  will  draw  the  center  to 
one  side,  as  desired.  When  the  centers  are  satisfactorily 
located,  they  should  be  made  quite  large  with  the  punch,  for 
the  purpose  of  making  a  starting  point  for  the  drill.  If  only  a 
very  small  mark  is  made  in  locating  the  center,  the  drill  may 
b^in  drilling  at  some  other  point  than  the  desired  place. 

70BUINO    CENTEB8 

35.  Centering  Hachtaes. — ^When  a  great  deal  of  work 
is  to  be  centered,  much  time  and  expense  can  be  saved  by  the 
use  of  special  centering  machines,  a  type  of  which  is  shown 
in  Fig.  14.     The  use  of  such,  a  machine  makes  it  unnecessary 
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to  locate  the  centers  as  just  described.  The  machine  illustrated 
is  fitted  with  a  universal  chuck  a  that  holds  the  work  to  be 
centered  accurately  in  line  with  one  spindle  of  the  machine. 
If  the  work  is  long,  the  end  is  supported  in  the  V-shaped 
rest  b,  and  while  in  this  position  it  is  drilled  and  reamed. 
There  are  two  spindles  c  and  d,  the  first  carrying  a  drill  and 
the  second  a  reamer,  and  these  can  alternately  be  brought 


in  line  with  the  center  of  the  work.  After  the  mzLchine  is 
once  adjusted,  it  will  drill  and  ream  all  pieces  to  the  same 
depth  and  size. 

36.  Drilling:  and  Reaming:  of  Center  Holes. — If  a 
centering  machine  is  not  at  hand,  the  drilling  and  reaming 
may  be  done  on  a  sensitive  drill,  on  a  speed  lathe,  or  on  the 
engine  lathe  on  which  the  work  is  to  be  turned.  It  is  usually 
necessary  to  drill  and  ream  center  holes  in  very  large  shafts 
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Tvith  a  ratchet  drill  or  a  hand  brace  while  the  ^lafts  lie  on 
the  floor  or  are  blocked  up  on  the  Vs  of  the  lathe.  When 
on  the  V's,  a  shaft  is  in  line  with  the  centers  and  the  dead 
spindle  is  used  to  feed  the  drill  or  reamer. 

37.  Centering  Tools. — The  tools  used  to  make  center 
holes  are  a  twist  drill  to  form  the  first  or  clearance  hole  and 
a  countersink  or  center 
reamer  of  the  form  shown 
in  Fig.  15  (a)  and  (6). 
Most  of  the  small  center 
drilling,  however,  is  done 
by  using  the  combined  drill 
and  reamer  shown  in  (c), 
and  running  it  to  the 
required  depth.  This  tool 
drills  the  clearance  hole  and 
reams  the  tapered  part  true 
with  it,  which  is  important  when  accurate  work  is  to  be  done. 
The  protected-center  drill  shown  in  Fig.  16  (a)  is  similar  to  the 
combination  drill  and  reamer,  but  has  two  cutting  edges  at 
right  angles  to  its  axis,  producing  the  protected  hole  shown 
in  (fr).  The  protected  center  is  very  convenient  when  facing 
the  ends  of  work,  and  is  best  for  rather  large  work. 

38.  Making  Center  Holes. — The  ordinary  hand  process 
of  making  correctly  formed  center  holes  without  special  tools 


consists  of  feeding  a  center  drill  iV  to  J  inch  in  diameter  into 
the  stock  deep  enough  to  extend  from  J  to  J  inch  beyond 
the  point  of  the  lathe  center  and  then  reaming  the  hole  to 
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the  angle  of  the  lathe  centers.  The  drills  and  reamers  used 
should  always  be  proportionate  to  the  size  of  the  work.  Small 
work  requires  ^nall  centers,  and  large  work  requires  large 
centers;  and  they  should  be  larger  for  high-speed  than  for 
carbon-steel  tools. 

39.    Correctly     Formed     Center     Holes. — A     section 

through  a  properly  formed  center  hole,  showing  how  it  should 
fit  the  lathe  center,  is  given  in  Fig,  17  (a).  It  is  reamed  to 
an  angle  of  60°  to  fit  perfectly  the  angle  of  the  lathe  center; 
also,  the  drill  hole  extends  into  the  work  sufficiently  deep 
to  prevent  the  extreme  point  of  the  lathe  center  from  bearing 
against  the  work.  The  practice  employed  by  some  workmen 
of  forming  the  center  holes  by  simply  making  very  lai^ 
center-punch  marks  in  the  ends  of  the  work  should  not  be 
allowed,  as  it  is  impossible  to  produce  accurate  work  with 
such  center  holes;  besides,  the  work  will  soon  wear  or  break 


off  the  points  of  the  lathe  centers.  When  very  large  center 
holes  are  required  to  support  extra-heavy  pieces,  particulariy 
in  cast  iron,  it  is  an  excellent  plan  to  cut  several  cal  channels  a, 
as  shown  in  (6).  It  is  also  well  to  fill  the  end  of  the  center 
hole  h  with  wool,  felt,  or  waste  saturated  with  oil. 

40.  Plaolng  Work  on  Centers. — ^After  centering  and 
thoroughly  cleaning  both  center  holes,  the  work  is  ready 
for  the  lathe.  A  lathe  dog  is  slipped  on  one  end  of  the  work, 
and  some  machine  oil  is  put  in  the  center  hole  of  the  other 
end,  and  the  tailstock  is  adjusted  to  the  proper  position  to 
hold  the  work  between  the  centers.  In  adjusting  the  tailstock 
on  the  bed,  it  should  be  so  clamped  that  it  will  not  be  necessary 
to  run  the  tailstock  spindle  out  very  far  to  reach  the  work,  as 
greater  stiffness  is  secured  by  keei^ing  the  spindle  well  in  the 
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tailstock.    The  work  is  placed  on  the  live  center  and  the  dead 

center  is  carefully  run  into  the  center   hole.     Care  must  be 

taken  not  to  jab  the  end  of  the 

work  with  the  dead  center  and 

to  adjust  the   dead   center  so 

that  the  work  is  free  to  turn, 

and  at  the  same  time  is  held  so 

tightly  that  there  is   no   lost 

motion.     The  operator  must 

also  see  that  the  tail  of  the  dog 

fits  loceely  in  the  notch  of  the 

face  plate.    Sometimes  the  dog 

is  too  small  and  the  tail  of  the 

dog  bottoms  in  the  face-plate  slot  and  holds  the  work  away 

from  the  live  center,  as  shown  in  F^.  18.     The  work  is  thus 

prevented  from  running  true. 


TURNING  OPERATIONS 

SqUABINO    END6    OF    WOBK 

41.  Tool  Used  for  Squaring  EnAa. — Any  work  that  is 
to  be  turned  between  the  centers  of  a  lathe  should  have  its  ends 
squared,  or  made  flat  and  true  at  right  angles  to  its  center  line, 

before  the  cylindrical  surface  is 
tiuned.  The  tool  used  for  this 
operation  is  the  side  tool,  some- 
times called  the  knife  tool..  Side 
-tools  are  made  both  right-hand 
and  left-hand,  so  that  they  can 
be  used  for  squaring  opposite 
ends  of  a  piece  of  work.  The 
tool-  used  for  this  particular 
Fic.  19  operation  is  a  right-hand  tool. 

42.  Setting  of  Side  Tool.— The  side  tool  should  be  so 
clamped  in  the  tool  post  that  the  cutting  edge  A  B,  Fig.  19. 
makes  an  angle  of  from  10°  to  15°  with  the  end  of  the  work. 
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The  tool  should  be  clamped  as  close  to  the  cutting  edge  as  possi- 
ble, in  order  to  insure  stiffness,  and  the  height  should  be  adjusted 
50  that  the  cutting  edge  will  be  level  with  the  center  of  the  work. 


TAKING    THE    CUT 

43.  On  all  machine  work  there  are  two  classes  of  cuts  used, 
namely,  the  roughing  cut  and  the  finishing  cut.  The  roughing 
cut,  as  its  name  implies,  is  the  first  heavy  cut  taken  over  the 
work  for  the  purpose  of  blocking  out  or  roughing  the  work  very 
close  to  si7^,  the  object  being  to  remove  the  metal  in  the  short- 
est possible  time.  Roughing  cuts  are  therefore  made  as  heavy 
and  as  deep  as  the  machine  will  stand.  The  finishing  cut  is 
the  last  cut  taken  on  the  ^iece  and  is  intended  for  finishing  the 
work  to  exact  size,  and  at  the  same  time  making  it  smooth  and 
true.  In  order  to  obtain  these  results,  the  tool  must  be  very 
sharp  and  keen. 

44.  Roughing  Cuts. — When  using  the  side  tool,  the 
cut  is  started  at  the  center  of  the  work.  The  tool  is  moved 
sidewise  by  moving  the  carriage  by  hand  until  the  tool  cuts  deep 
enough  to  get  well  under  the  skin  and  scale,  if  the  stock  is  cast 
iron.  The  carriage  is  held  stationary  in  this  position  while  the 
tool  is  draivn  from  the  center  by  means  of  the  cross-feed. 
These  operations  are  repeated  until  the  desired  amount  of 
metal  is  cut  from  the  end. 

45.  If  much  metal  is  cut  from  one  end,  a  burr  will  be  left 
around  the  center  hole,  as  shown  at  b.  Fig.  20.     This  hnuTniay 

easily  be  removed  by  using  the  point 
of  the  tool,  after  having  first  loosened 
the  dead  center  to  admit  the  tool,  as 
shown.  The  tool  is  fed  sidewise  by 
hand,  in  the  direction  of  the  arrow, 
and  at  the  same  time  the  dead  center 
is  fed  in,  to  keep  the  work  from  drop- 
ping off.  The  chips  and  shavings 
that  get  in  the  center  hole  should  be  carefully  removed  before 
any  turning  is  done  along  the  cylindrical  surface  of  the  work. 
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After  each  end  is  roughed  off  and  the  piece  is  very  close  to  the 
desired  length,  the  center  holes  should  again  be  drilled  and 
reamed,  if  necessary,  to  make  them  of  the  proper  size  to  stand 
the  strain  when  taking  the  heavy  cuts  on  the  outside  of 
the  piece. 

46.  Finishing  Cuta.— Before  taking  a  finishing  cut,  the 
tool  should  be  reground,  if  necessary,  and  then  made  keen  with 
an  oilstone.  In  order  to  strengthen  the  point  of  the  tool  and 
to  make  the  cuts  smoother,  the  cutting 
edge  of  the  tool  is  oilstoned  with  a  slight 
bevel  for  about  i  inch  from  the  point,  as 
shown  at  o.  Fig.  21.  The  tool  is  set  the  ' 
same  as  for  roughing  cuts,  except  that  Pig.  21 

the  cutting  edge  stands  at  such  an  angle  that  the  end  of  the 
work  is  flat  or  tangent  to  the  bevel  at  the  point  of  the  tool. 

47.  If  the  point  of  the  tool  is  not  beveled  or  curved,  it 
will  leave  deep  marks  on  the  work,  as  shown  in  a  somewhat 

exaggerated  form  in  Fig.  22,  the  dis- 
tance between  the  marks  representing 
the  feed  of  the  tool  for  each  revolution 
of  the  work.     In  some  cases,  when  the 
work  is  small  in  diameter  or  when  true 
square  faces  are  not  required,  the  edge 
of  the  tool  is  ground  straight  and  set 
square  with  the  axis  of  the  work,  as 
shown  in  Fig.  23.     When  the  tool  is 
thus  set,  it  is  fed  in  the  direction  of  the  arrow — that  is,  side- 
wise  to  the  work — and  is  not  drawn  out  from  the  center.    The 
squaren^  of  the  end  will  then  depend 
On  the  way  in  which  the  tool  was  set. 

48.  If  the  tool  is  set  so  that  only 
a  small  part  of  the  edge  cuts,  and  is 
then  drawn  out  from  the  center  by  the 
cross-feed,  a  flat  surface  will  be  pro- 
duced.    If,  however,   in  making   the  Fig.  23 

cut,  the  carriage  is  moved  toward  or  away  from  the  work,  or 
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if  the  tool  dulls  or  shifts  in  the  tool  post,  the  work  will  not 
be  true.  If  the  lathe  continues  to  make  the  work  concave 
or  convex,  the  lathe  centers  will  probably  be  found  out  of 
line.  After  the  centers  are  lined  up,  the  difficulty  will  probably 
disappear.  The  work  may  be  tested  with  sufficient  accuracy 
for  ordinary  purposes  by  putting  a  scale  or  straightedge  across 
the  end  and  heading  it  to  the  light,  when  it  will  be  easy  to 
detect  any  slight  error. 

TDBNINO    TO    A    DIAHeTKB 

49.  The  tool  used  for  turning  a  piece  of  work  to  the 
desired  diameter  is  a  diamcmd  point,  or  diamond-pointed  tool, 

such  as  shown  in  Fig.  24.    The 
quality  of  the  work  done  de- 
pends on  the  shape  of  the  tool, 
"  the  way  it  is  set  and  held  in 

p-^^  the  tool  post,  and  the  manner 

IEl — Tlin ^fc.    4~m       "  which  it  is  brought  up  to  the 

illji-  v'^  ^^/  m  ^^^'  This  tool  is  usually 
■||j,''lli|     ■  m  formed  as  in  the  illustration, 

■ll!i_'''ii|  ^  ^*"**  ^^"^  *  left-hand  tool. 

—    The  cutting  is  done  by  the  left 

front  edge  a  b  and  the  point  o. 
The  tool  may  also  be  made  right-hand. 

50.  Grinding  of  Diamond  Point. — The  diamond  point. 
Fig.  24,  is  sharpened  by  grinding  the  top  face  abed  so  that 
it  slopes  back  from  the  point  and  down  toward  the  right, 
to  give  the  necessary  keenness  to  the  cutting 
edge  a  b.  The  two  front  faces  a  b  and  b  c 
are  then  ground  straight  from  point  to  heel 
by  presenting  the  heel  to  the  wheel  first 
and  allowing  the  grinding  to  continue  up- 
wards imtil  the  top  face  is  reached.  Start- 
ing to  grind  at  the  bottom  insures  taking 
more  off  at  the  bottom  than  at  the  top  and  ^>^-  ^ 
gives  plenty  of  clearance.  After  the  top  and  the  two  front  faces 
are  ground,  the  comer  between  the  two  front  faces  is  rounded 
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slightly  from  the  point  to.  the  heel  to  form  a  durable  point  that 
will  cut  a  fairly  smooth  surface. 

51.  When  grinding  lathe  tools  held  in  the  hand,  the 
point  should  be  finished  by  holding  it  up,  when  applied  to 
the  grindstone  or  emery  wheel,  as  shown  in 
-Fig.  25.  The  water  is  thus  allowed  to  strike 
the  cutting  edge  first,  keeping  it  cool.  The 
tool  should  never  be  held  as  shown  in  Fig.  26 
when  grinding  by  hand,  as  there  is  danger  \^l  /  / 
that  it  will  catdi  between  the  wheel  and  the  ^^/ 
rest,  and  cause  damage. 

52.  Position  of  Tool. — The  diamond- 
pointed  tool  should  be  clamped  in  the  tool 
post  as  close  to  the  cutting  edge  as  possible, 
to  make  it  rigid.    The  shank  should  always  '""  " 

be  set  about  square  with  the  work,  as  shown  in  F^,  27.  The 
height  of  the  point  above  the  center  of  the  work  is  governed 
by  the  diameter  of  the  work  and  the  angle  of  front  rake  or 
clearance.  In  Fig.  28  a  tool  is  shown  set  at  the  correct  height 
for  turning  a  piece  to  the  diameter  shown  by  the  inner  circle; 


that  is,  it  is  set  so  that  a  hne  A  B  drawn  from  the  center 
through  the  point  0  of  the  tool  will  be  at  right  angles  to  the 
front  edge  G  H  ot  the  tool, 

53.    If  the  tool  should  be  raised,  its  front  being  kept  at 
the  same  angle  to  the  work,  it  would  bring  the  cutting  point 
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above  the  work,  as  shown  in  Fig.  29.  It  is  plain  that  in  this 
position  it  would  be  impossible  for  the  tool  to  cut.  Fig.  28 
shows  the  exact  position  £«■  a  perfect  tool,  provided  it  would 
remain  sharp.  In  practice,  the  tool  dulls  and  the  point  rounds 
off  sUghtly,  so  that  it  is  customary  to  set  the  tool  slightly 
below  this  position. 
This  theoretical 
height  varies  with 
every  diameter  of 
■r — T- — y  g^      -^■~~.  11    work.     Fig.   30 

[  ^^-M\  It    ^•'^^  ^  ^^"^^  °^" 

rectly  set  for  a 
piece  of  large  diam- 
eter. The  dotted 
Unes  show  the  same 
"^"■■^  tool  at   the   same 

height  moved  in  to  cut  on  a  smaller  piece  shown  by  the  dotted 
lines.  It  will  be  seen  that  the  tool  cannot  cut  work  of  such 
small  diameter  when  its  point  C  is  so  far  above  the  work.  It 
will  also  be  seen  that  the  point  of  the  tool  should  be  lowered 
as  the  diameter  decreases,  the  point  O  following  along  the 
radial  line  A  B 
until  it  finally 
reaches  the  axis  of 
the  work.  When 
clamping  the  tool 
in  the  tool  post, 
care  should  be 
taken  to  see  that 
the  point  d  the 
tool  does  not  touch 
the  work.    When  it  '''^■^ 

docs  touch  and  the  tool  clamp  is  tightened,  the  edge  is  liable 
to  be  cracked  off,  as  shown  in  Fig.  31. 


54.    Rougliing    Cuts. — The    excessive    material    should 

be  removed  at  one  cut.  whenever  possible.     Whether  this  can 
be  done  or  not  depends  on  the  power  of  the  machine  and  the 
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strength  oi  the  tool,  and  also  on  the  strength  of  the  piece 
to  withstand  a  heavy  cut  without  springing  or  breaking. 
Some  pieces  are  so  frail  that  a  number  of  light  cuts  are  required 
to  remove  an  amount  of  metal  that  under  more  favorable 


Pig.  30  Fig.  31 

conditions  could  easily  be  taken  off  at  one  cut.  Whatever 
the  amount  removed  may  be,  there  should  be  left  from  A 
to  3^  inch  in  diameter  over  the  finished  size  for  the  finishing 
cut.  Only  in  special  cases  or  on  rough  work  is  it  allowable 
to  rough  and  finish  work  with  the  same  cut. 


Fic.  32 

65.  The  first  roughing  cut  is  started  by  moving  the  tool 
to  the  end  of  the  work  and  feeding  by  hand  until  it  begins 
to  cut.  The  feed  is  then  thrown  in  and  the  tool  moves  along 
until  a  short  distance  is  turned  on  the  end.  This  part  is 
calipered,  and  if  the  cut  is  not  deep  enough  the  tool  is  set 
to  cut  deeper,  and  another  short  cut  is  taken.  This  process 
is   repeated   until    the    work    calipers   correctly.     The   lathe 
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is  started,  and  runs  until  the  tool  has  fed  about  half  the  length 
of  the  work,  or  as  far  as  required.  The  work  will  then  be  as 
^lown  in  Fig.  32,  the  part  a  being  rough,  and  the  part  b  turned. 

S6.  The  tool  cannot  feed  over  the  entire  piece  because 
the  lathe  dog  tm  the  end  is  ia  the  way.  The  work  should 
therefore  be  removed  from  the  lathe  and  the  tool  and  carriage 
moved  back  to  the  starting  point,  care  being  taken  not  to 
disturb  the  cross^de  that  moves  the  tool  in  or  out  from  the 
work.  T^e  dog  is  changed  to  tiie  turned  end  b,  Fig.  32,  the 
work  reversed,  and  again  put  in  the  lathe.  This  will  traing 
the  work  as  shown  in  Fig.  33,  The  rough  end  a  is  then  turned 
the  same  as  the  turned  end  b,  and  if  the  cross-feed  has  not 


been  moved,  the  work  will  be  the  same  diameter  at  each  end, 
the  two  cuts  meeting  in  the  middle.  When  it  is  necessary 
to  take  a  number  of  cuts  and  accurate  work  is  de^red,  it  is 
better  to  reverse  the  work  after  each  cut,  as  just  described, 
than  to  take  a  number  of  cuts  on  one  end  before  reverang. 
The  speed  of  the  work,  which  is.  2  inches  in  diameter,  should 
be  about  75  revolutions  per  minute,  provided  that  the  casting 
is  soft,  as  this  will  give  the  desired  cutting  speed  of  about 
40  feet  per  minute.  The  feed  should  be  comparatively  coarse, 
making  a  thick  shaving. 

57.  Finishing  Cuts. — In  taking  the  finishing  cut,  con- 
siderable skill  must  be  exercised,  for  if  the  piece  is  turned 
too  small,  there  is  no  remedy,  and  if  cut  rough  and  tantrue, 
it  requires  extra  labor  to  complete  it.     The  tool  should  always 
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be  resharpened  for  the  finishing  cut.  Its  shape  remains 
much  the  same  as  for  roughing,  except  that  the  top  face  may 
be  given  a  little  more  slant  or  top  rake.  The  shapes  of  tooU 
and  also  the  feed  vary  considerably,  so  that  what  may  be 
considered  good  practice  for  this  piece  would  not  be  the  best 
for  heavier  work. 

68.  Use  of  Calipers. — The  diameter  of  the  work  is 
measured  either  by  special  gauges  or  by  calipers.  When 
calipers  are  used,  they  are  adjusted  to  correct  size  by  trying 
them  over  a  standard  cylindrical  gauge  of  the  desired  size, 
or  they  may  be  set  to  size  by  the  use  of  a  scale.  In  the  latter 
case,  they  should  be  so  held  that  the  point  of  one  leg  of  the 
calipers  comes  against  the  end  of  the  scale,  and  by  means  of 
the  thumb  nut,  the  calipers  are  so  adjusted  that  the  point 
of  the  other  leg  comes  even  with  the  desired  line  on  the  scale. 
Care  must  be  taken  to  hold  the  calipers  true  and  to  make 
the  adjustment  such  that  by  looking  squarely  by  the  point 
of  the  calipers,  it  will  appear  to  spht  the  mark  on  the  scale. 
The  thickness  of  a  line  on  a  steel  scale  is  about  .002  or  .003  inch, 
and  in  many  instances  this  amount  would  be  sufficient  to 
spoil  a  fit. 

59.  The  finishing  tool  is  set  to  ttim  the  correct  diameter 
by  a  series  of  careful  trials.  A  light  cut  is  first  taken  on 
the  end  and  run  along  far  enough  to  give  sufficient  length 
rf  turned  part  to  caliper.  The  lathe  is  stopped  and  this 
part  is  carefully  calipered.  If  it  is  found  too  large,  the  lathe 
is  £^ain  started,  the  feed  thrown  out,  and  the  carriage  and 
tool  moved  back  to  the  starting  point.  The  tool  is  moved 
forwards  an  amount  determined  by  the  judgment  of  the 
operator  and  another  cut  is  taken.  The  Work  is  again  calipered, 
and  if  still  too  large,  the  operation  is  repeated  until  the  correct 
diameter  is  obtained,  when  the  lathe  is  started,  and  the  cut 
taken  the  required  distance.  When  by  cahpering  it  is  fotmd 
necessary  to  take  another  cut,  the  cross-feed  screw  must 
be  used  only  to  advance  the  tool.  If  the  tool  is  displaced, 
the  operator  cannot  estimate  how  much  to  turn  the  cross- 
feed  screw  to  move  the  tool  in  a  little  deeper. 
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60.  After  the  roughing  cut.  the  work  should  be  calipered 
along  its  entire  length  to  see  whether  it  is  all  of  the  same 
diameter.  If  one  end  is  larger  than  the  other,  the  lathe 
centers  are  out  of  line,  or  the  tool  point  is  so  worn  away  as 
to  cause  a  taper.  If  the  centers  are  out  of  line,  the  dead 
center  must  be  adjusted  until  the  two  sides  of  the  work  are 
parallel.  Care  must  be  taken,  however,  to  locate  the  cause 
correctly,  in  order  that  the  center  may  not  be  moved  when 
the  tool  is  at  fault. 

61.  Care  In  Callperlng. — Great  skill  and  delicacy  of 
touch  may  be  acquired  by  careful  calipering,  and  differences 
in  diameter  of  .001  inch  or  less  may  be  detected  with  ordinary 
spring  calipers.  There  are  two  chances  for  error  in  calipering, 
namely,  by  incorrect  setting,  and  by  improper  handling  of 
the  calipers.     When  the  calipers  are  correctly  adjusted,  they 

are  held  tightly  between  the 
thimib  and  fingers  and  passed 
gently  over  the  work  a  number 
of  times.  It  is  obvious  that  the 
diameter  of  a  cylinder  must  be 
""""  ■"  measured  at  ri^t  angles  to  its 

axis,  and  if  measured  at  any  other  angle,  as  along  the  line  CD, 
Fig.  34,  it  would  be  incorrect.  The  calipers  are  therefore  turned 
slightly  from  side  to  side  until  the  position  is  found  where  the 
calipers  pass  over  most  easily.  This  position,  which  appears  to 
be  the  smallest  diameter,  is  the  correct  one.  When  the  work  is 
of  the  correct  size  and  the  correct  position  is  foimd,  the  calipers 
will  just  pass  over  with  a  very  gentle  pressiu^.  If  the  pressure 
is  sufficient  to  hold  the  weight  of  the  caEpers  or  if  force  is 
require^  to  push  them  over  the  work,  it  is  too  large. 

62.  Calipers  may  very  easily  be  sprung,  and  it  is  an  easy 
matter  to  force  a  large  pair  over  work  A  or  J  inch  too  large. 
When  they  have  been  set  from  a  gauge,  the  work  should  be 
turned  so  that  they  fit  the  work  with  the  same  pressure  and 
feeling  that  they  fit  the  gauge.  When  setting  large  cahpers 
they  should  be  held,  if  possible,  in  the  same  position  that  they 
will  be  held  on  the  work.     If  a  pair  of  large  caUpers  is  held 
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in  a  horizontal  position,  set  to  a  pin  gauge  lying  on  the  bench, 
and  then  held  upright  by  the  joint,  the  legs  will  spring  enough 
by  their  own  weight  to  bring  the  tneasuri:^  points  closer 
together,  and  work  turned  to  them  will  be  too  small. 


FrmNG  CYllNDBICAL  WORK 


KINDS    OF    FITS 

63.  The  tenn  fit,  as  used  in  lathe  work,  implies  the 
condition  of  surfaces  and  the  allowances  made  in  the  dimen- 
sions of  machine  parts  so  that  they  may  be  put  together  to 
give  the  desired  results.  In  ordinary  machine  construction 
the  five  kinds  of  fits  commonly  used  are  the  running  or  sliding 
Hi,  the  wringing  fit,  the  drive  fit,  the  press  fit,  and  the  shrink  fit. 
The  first  is  used  for  parts  that  work  or  shde  on  one  another, 
such  as  shafts  and  spindles.  The  wringing  fit  is  employed 
fOT  parts  that  must  lie  one  within  the  other,  without  adjusts 
ment.  and  wheri  the  size  must  be  maintained,  as,  for  example, 
in  plug  gauges  and  the  dead  spndles  of  lathes.  The  last 
three  forms  are  used  when  the  parts  are  to  be  put  together 
and  to  remain  in  fixed  relative  positions. 


8LIDINO  rm 
64.  Requirements. — The  most  nearly  perfect  sliding 
or  working  cyiindrical  fits  are  those  whose  surfaces  most 
nearly  approach  perfect  cylinders.  There  must  be  sufficient 
difference  in  diameter  to  allow  the  shaft  to  revolve  freely 
and  to  admit  oil  for  lubricating.  If  the  shaft  and  bearing 
were  of  exactly  the  same  diameter,  the  shaft  might  be  turned 
in  the  bearing  so  Icmg  as  it  was  kept  slightly  in  motion;  but 
when  it  stopped,  it  would  be  very  difficult  to  start  it  again. 
With  such  perfect  fits,  the  heat  generated  by  the  revolving 
shaft  would  cause  it  to  expand  so  that  it  would  be  larger  than 
the  bearing,  and  thus  change  the  sliding  fit  to  a  soUd  fit. 
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65>  Allowances. — The  closeness  of  the  cylindrical  fit 
depends  on  the  diameter  of  the  shaft,  the  length  of  hole,  and 
the  condition  of  the  surfaces.  Greater  differences  in  diameter 
are  allowed  for  large  shafts  than  for  small  ones.  In  some 
small  machines,  spindles  about  J  inch  in  diameter  will  require 
not  over  .0005  inch  difference  In  diameter,  while  a  shaft 
12  inches  would  reqtiire  from  .005  to  .01  inch  or  more, 

66.  Making  Sliding:  Fits.— To  make  a  good  lit,  the 
surface  should  be  smooth  and  true.  ■  If  the  hole  or  bearing 
is  finished  by  boring,  the  tool  should  be  made  to  take  a  very 
smooth  cut.  If  there  is  danger  that  the  work  is  sprung  by 
chucking,  the  pressure  should  be  relieved  as  much  as  pos- 
sible before  tKe  finishing  cut  is  made.  The  work  should  be 
tested  to  determine  whether  it  is  round  and  the  sides  parallel. 
Whenever  possible,  it  is  best  to  finish  holes  by  reaming,  as 
it  tends  to  make  the  holes  of  a  standard  size  and  the  walls 
of  the  holes  smooth  and  parallel.  When  a  running  fit  is  being 
made,  it  is  best  to  finish  the  bearing  first,  as  it  is  easier  to 
fit  the  shaft  to  the  hole  than  to  bore  the  hole  to  fit  the  shaft. 
When  gauges.are  at  hand,  the  cut-and-try  method  is  not  used, 
as  the  holes  are  all  reamed  to  pass  the  limit  gauge  and  the 
shaft  also  is  turned  within  limits,  so  that  the  pieces  will  fit 
each  other  with  sufficient  accuracy. 

67.  Standard  or  limit  gauges  are  not  always  used, 
especially  when  but  a  few  pieces  of  a  size  are  to  be  fitted. 

■    ■- In  this  case,  the  hole  that  has  been 

finished  miist  act  as  the  gauge  for 
the  shaft.  The  closeness  of  the  fit 
depends  greatly,  as  before  stated,  on 
the  smoothness  of  the  surfaces.  The 
bearing  may  have  been  reamed,  but 
the  shaft  finished  with  an  ordinary 
finishing  cut,  and  the  shaft  just  slides 
easily  into  the  bearing.  A  section 
through  the  work  showing  the  cod- 
F'c  36  ditions  of  the  fit  is  shown  in  Fig.  35. 

Here  the  bearing  touches  only  on  the  points  of  the  tool  marics. 
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which  are  shown  in  somewhat  exaggerated  form.  It  may  be 
seen  that  if  such  a  fit  were  allowed  to  pass,  the  pressiire  would 
come  on  the  points  of  the  tool  marks  and  cause  them  to  wear 
away  rapidly.  Furthermore,  because  of  the  spiral  threads  or 
tool  marks  around  the  work,  it  would  be  difficult  to  keep  the 
bearing  lubricated,  the  spiral  thread  tending  to  drive  the  oil 
out  of  one  end  or  the  other  of  the  bearing,  depending  on  the 
direction  of  rotation  of  the  shaft.  Because  of  a  lack  of  oil  and 
the  narrow  bearing  points,  -such  a  fit  would  soon  wear  loose. 
This'  same  wearing  action  would  take  place  if  the  shaft  were 
smooth  and  true,  but  the  bore  left  with  clearly  defined  tool 

68.  The  sliding  or  running  fit  is  made  by  first  finding 
the  correct  size  of  the  hole  at  both  ends.  This  can  be  done 
either  by  calipering  or  by  trying  a  solid  mandrel  in  the  hole 
from  each  end.  The  calipers  are  then  set  to  the  size  of  the 
mandrel  at  the  large  end  of  the  hole  and  a  finishing  cut  is 
started.  When  this  cut  has  run  from  J  to  J  inch  along  the 
shaft,  the  feed  is  thrown  out  and  the  work  is  tried  in  the  large 
end  of  the  hole.  If  the  work  will  just  twist  in,  the  size  is 
right  and  the  cut  can  be  taken  as  far  as  required.  The  surface 
is  then  filed  carefully  with  a  smooth  or  dead-smooth  file  at 
a  speed  fast  enough  to  have  the  wwk  make  several  turns 
to  each  stroke  of  the  file,  but  not  fast  enough  to  bum  the 
file.  The  tool  marks  are  filed  evenly  from  one  end  to  the 
other  and  the  piece  is  oiled  and  tried  in  the  hole.  It  is 
assumed  that  on  this  trial  the  piece  wrings  clear  through 
the  hole  and  that  on  removing  it  there  are  tight  bearing  marks 
in  a  number  of  places.  The  work  is  replaced  in  the  lathe, 
the  bearing  marks  touched  off  by  caxeful  filing,  and  the 
work  polished  lightly  by  repeatedly  moving  a  strip  of  No.  60 
emery  cloth  from  end  to  end.  After  being  carefully  wiped 
clean  of  emerj-,  it  is  oiled  and  tried  in  the  hole.  If  it  turns 
easily  without  shaking,  it  is  a  good,  close  fit. 

69.  Fitting  and  Finishing  by  Orlnding. — Much  work 
formerly  fitted  and  finished  on  the  lathe  is  now  finished  on 
the  grinder.    Lathe  work  that  is  to  be  finished  on  the  grinder 
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is  centered  in  the  usual  way.  The  ends  and  all  shoulders 
are  squared  to  the  required  lengths,  and  roughing  cuts  are 
made  over  all  cylindrical  and  tapered  surfaces.  These  roughing 
cuts  may  be  made  at  high  speed,  and  with  feeds  as  coarse 
as  the  work  will  stand  without  excessive  springing  and  chat- 
tering. The  greatest  amount  of  stock  should  be  removed 
in  the  shortest  time,  and  from  W  to  V?  inch  should  be  left 
for  the  grinder  to  remove  in  finishing. 


70.  In  a  drive  fit  the  plug  or  shaft  is  made  slightly  larger 
in  diameter  than  the  hole  in  the  surrounding  piece,  and  they 
are  put  together  by  driving.  This  method  is  used  when 
the  two  pieces  are  intended  to  keep  fixed  positions  in  relation 
to  each  other. 

71.  Allowances . — ^The  allowance  for  driving,  which 
is  the  difference  in  diameter,  depends  on  the  diameter  oi 
the  work,  the  length  of  the  hole,  the  condition  of  the  surfaces, 
and  the  strei^th  of  the  enveloping  piece.  If  the  hole  is  long, 
less  difference  in  diameter  is  required  than  when  the  hole 
is  short.    When  the  hole  and  the  shaft  are  finished  smooth, 

a  very  shght  difference  in  diameter  makes  a  great  difference  • 
in  the  closeness  of  fit.  If  the  surfaces  are  rough,  a  much 
greater  difference  in  diameter  is  allowable.  When  the  surfaces 
are  smooth,  a  difference  of  from  .0005  to  .001  inch  will  make 
a  very  tight  fit  on  work  about  1  inch  in  diameter;  but  lor 
such  a  fit  as  that  shown  in  Fig.  35,  where  the  surfaces  are 
rough,  a  difference  of  .002  or  .003  inch  will  be  necessary. 
When  these  rough  pieces  are  put  together,  the  roughness 
of  the  faces  is  worn  down  as  they  are  driven  over  each  other, 
so  that,  if  they  should  be  driven  apart,  the  surfaces  would 
be  fotmd  to  be  much  smoother  than  before. 

72.  Haking  a  Drive  Fit.—The  size  of  the  hole  to  be  . 
fitted  is  first  determined.    If  a  sohd  mandrel  is  available  it 
may  be  driven  into  the  hole  and  cahpered  at  the  large  end. 
The  surface  to  be  fitted  is  then  turned  to  the  size  of  the  mandr^ 
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plus  the  allowance  called  for  by  the  tightness  with  which 
the  parts  are  to  fit.  If  a  mandrel  cannot  be  used,  an  inside 
caliper  or  an  end  measure  is  employed  for  setting  the  outside 
caliper.  The  surface  is  filed  to  remove  the  tool  marks,  and 
the  parts  are  ready  to  be  assembled 

73.  AssembUng. — ^When  putting  a  drive  fit  together, 
the  surfaces  should  be  oiled.  The  piece  into  which  the  shaft 
is  to  be  driven  should  be  set  on  a  firm  foundation,  and  the 
shaft  carefully  entered  and  driven  to  place  with  a  hammer 
or  sledge.  Care  should  be  taken  not  to  bruise  the  work  when 
driving  it;  consequently,  a  block  of  wood,  lead,  or  babbitt 
is  used  to  strike  on.  Sometimes  the  work  is  so  shaped  and 
in  such  position  that  a  ram  can  be  rigged  for  driving  the 
pieces  together.  This  ram  consists  of  a  beam  or  a  round 
iron  bar  supported  from  above  by  ropes  or  chains  so  that  it 
hangs  in  a  horizontal  position,  level  with  the  work.  The 
ram  is  drawn  back  and  then  pushed  forwards  so  that  its  end 
strikes  against  the  work.  This  is  a  very  effective  way  of 
driving.  If  the  work  is  large  and  the  fit  is  very  close,  the 
driving  may  be  helped  by  tising  clamps  and  bolts,  which  can 
be  arranged  to  assist  in  drawing  or  forcing  the  pieces  together. 
With  the  combined  forces  of  the  brits  and  the  ram,  the  shaft 
can  be  driven  to  place. 

PBESS    FITS 

74.  A  press  fit  is  one  in  which  the  internal  part  is  made 
so  much  greater  in  diameter  than  the  hole  it  enters  that  some 
form  of  press  is  required  to  squeeze  the  internal  part  into 
position.  It  is  also  called  a  force  fit.  The  allowance  for  a 
press  fit  is  about  double  that  required  for  a  driving  fit.  The 
forcing  method  is  used  for  work  too  large  to  be  driven  together 
conveniently.  This  method  is  also  employed  for  putting 
engine  cranks  on  shafts,  for  inserting  crankpins  in  the  cranks, 
and  for  a  great  variety  of  similar  work.     It  is  probably  used 

-  most  extensively  for  putting  the  wheels  on  car  axles. 

75.  Classification. — There  are  two  general  classes  of 
press  fits,  namely,  the  straight  and  the  taper.    When  making 
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3  press  fit  the  workman  should  inspect  the  hole  thoroughly 
to  ascertain  the  smoothness  of  its  surface.  He  should  then 
caliper  it  carefully  in  two  or  more  directions  at  the  entering 
end,  to  find  whether  it  is  round.  He  should  cahper  it  also 
at  the  other  end,  to  detennine  its  roundness  and  to  detect 
any  taper.  If  these  measurements  vary,  he  should  calculate 
a  general  average  of  them  and  to  this  average  diameter  add 
the  allowance  required  for  pressing.  The  process  of  turning 
and  fitting  the  internal  part  does  not  differ  materially  from 
that  used  when  making  a  drive  fit. 

76.  Straight  Press  Pits. — The  straight  press  fit  is 
turned  and  fitted  so  that  the  entering  end  will  just  pass  into 
the  hole  to  form  a  guide  for  the  parts.  The  necessary  allow- 
ance is  made  and  the  shaft  or  part  is  tapered  .001  inch  to 
each  inch  of  length  of  the  bearing.  This  increase  provides 
for  the  stretch  of  the  hole  and  for  the  wear  in  the  hole  and  on 
the  entering  part.  If  this  allowance  were  not  made  the  fit 
would  not  be  so  tight  as  intended.  If  the  diameter  and  length 
of  the  bearing  surfaces  are  excessive,  less  taper  will  sufiice. 

77.  Taper  Press  Fits. — A  better  press  fit,  known  as 
the  taper  press  fit,  is  made  when  required.  The  hole  is  bored 
with  a  taper  of  about  ^  inch  per  foot  and  made  as  smooth 
and  true  as  possible.  A  tapered  cast-iron  plug  is  then  turned 
to  the  same  size  and  taper,  to  be  used  as  a  siuface  plate  for 
truing  the  hole.  This  is  done  by  turning  the  piece  in  the 
hole  to  mark  any  high  spots  or  irregularities.  These  are 
removed  by  scraping,  and  the  process  is  repeated  until  the 
hole  is  true.  The  taper  on  the  shaft  is  then  turned  in  the 
exact  position  and  to  the  taper  specified  by  the  designer,  after 
which  it  is  pushed  into  the  hole  to  the  point  specified  on 
the  drawing. 

78.  Allowances. — ^The  allowance  for  press  fits  is  more 
than  for  drive  fits.  The  amount,  however,  depends  on  the 
materials  used,  the  size  of  the  hole,  its  length,  and  the  con- 
dition of  the  surfaces.  It  is  the  practice  of  some  engine 
builders,  who  put  cranks  and  crankpins  together  with  press 
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fits,  to  allow  about  .0025  inch  difference  for  each  inch  of 
diameter.  This  requires  a  pressure  of  from  10  to  13  tons  ■ 
per  inch  of  diameter,  depending  on  the  length  of  the  hole, 
to  force  the  pieces  together.  This  pressure  is  estimated  for 
diameters  that  range  from  3  to  8  inches. 

Car  wheels  and  axles  are  required  to  go  together  within 
the  limits  of  certain  pressures.  One  railroad  company's  rule 
is  that,  for  certain  classes  of  wheels,  the  pressure  required  to 
force  the  wheel  on  to  the  axle  shall  not  be  less  than  25  tons 
nor  over  35  tons.  On  an  axle  7  inches  long  and  4j  inches  in 
diameter,  an  allowance  of  about  .007  inch  is  made.  This 
requires  a  pressure  of  about  30  tons  to  press  the  wheel  on. 

79.  Considerable  skill  is  required  by  the  workmen  to 
make  press  fits;  yet,  after  a  little  practice,  they  do  it  rapidly 
and  can  tell  within  a  few  tons  the  exact  pressure  required  to 
force  the  wheel  into  place.  In  calipering  the  axles,  the  exact 
difference  is  not  always  measured  by  the  workman.  He  may 
use  a  snap  gauge  that  has  been  made  sufficiently  large  to 
allow  for  the  fit;  or,  if  calipers  are  used,  he  may  set  them  to 
the  correct  size  and  test  the  work  so  that  a  certain  pressure 
is  required  to  force  the  calipers  over  the  work,  experience 
having  taught  him  how  great  this  pressure  should  be. 


80.  A  staFlnk  fit  refers  more  particularly  to  the  method 
of  fitting  than  to  the  fit  itself.     The  pieces  are  fitted  in  much 

.  the  same  way  as  for  the  press  fit.  When  the  pieces  are  put 
together,  the  outer  piece  is  heated,  which  expands  the  hole 
sufficiently  to  let  the  plug  drop  in.  When  the  outer  piece 
coob,  it  contracts  enough  to  gnp  the  pin  with  great  force. 

81.  When  the  pieces  are  large,  strong,  and  of  suitable 
shapes,  pressure  may  be  used  for  putting  them  together  with- 
out danger  of  bending  or  distorting  them.  On  other  classes 
of  work  there  is  no  chance  to  drive  or  force  the  pieces  together, 
as,  for  example,  in  putting  the  tires  on"  locomotive  wheels. 
For  such  large  diameters,  the  difference  of  diameter  in  the 
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fit  would  be  so  great  that  very  powerful  presses  would  be 
required  to  start  the  tire  on  the  wheel.  By  heating  the  tire, 
it  expands  sufficiently  to  let  it  drop  over  the  wheel  center 
with  perfect  freedom.  Shrink  fits  are  very  often  employed 
on  small  work  in  shops  that  have  no  press  to  put  press  fits 
together, 

82.  Allowance. — ^The  amount  of  allowance  for  shrink 
fits  is  generally  a  little  more  than  for  press  fits.  A  fair  rule 
for  small  work  is  to  allow  about  .003  inch  for  the  first  inch 
of  diameter  and  to  add  .001  inch  for  each  extra  inch.  The- 
amount  allowed  for  locomotive  drivers  varies,  depending  on 
the  size  of  the  wheel  and  the  service.  Most  locomotive  builders 
allow  from  T^T  to  ^  inch  to  1  foot  of  diameter. 

83.  Assembling. — In  assembling  a  sbrmk  fit,  the  piece 
that  has  been  bored  is  heated  slightly  and  evenly.  Ordinarily, 
a  heat  just  sufficient  to  show  a  dull  r-ed  is  more  than  is  required. 
Care  should  be  taken  that  the  piece  is  never  hot  enough  to 
scale.  The  diameters  should  previously  be  tested  so  that 
there  will  be  no  danger  that  the  pieces  will  not  go  together 
when  one  is  heated.  If  too  much  allowance  has  been  made, 
the  pieces  sometimes  catch  before  the  shaft  is  quite  through 
to  the  desired  place.  Unless  instantly  removed,  the  shaft 
will  bind  so  that  it  will  bfe  impossible  to  move  it  either  way. 
The  shaft  begins  to  expand  as  soon  as  it  enters  the  bored 
piece,  and  if  the  difference  in  diameter  is  slight  at  first,  it  will 
be  very  quickly  made  up  by  the  rapid  expansion  of  the  shaft. 
Therefore,  great  speed  is  necessary  in  puttii^  the  pieces  together 
when  shrink  fits  are  iised,  especially  on  small  work.  When 
the  pieces  are  larger,  such  haste  is  not  important. 

84.  In  shrinking  ^nailer  pieces,  as  soon  as  the  plug  is 
in  place,  water  should  be  applied  to  keep  it  cool.  The  envelop- 
ing piece  must  not  be  cooled  too  suddenly,  or  it  is  liable  to 
crack,  especially  if  it  is  cast  iron.  If  a  gear-wheel  is  being 
shrunk  on  a  shaft  and  too  much  water  is  apphed  to  the  shaft 
and  the  hub  of  the  wheel,  there  is  danger  that  some  of  the 
arms  will  crack.    If  a  cast-iron  disk  is  being  shnmk  on  a 
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shaft  and  the  circumference  of  the  disk  is  rapidly  cooled, 
there  is  danger  that  a  radial  crack  will  appear  at  the  edge. 

85.  Building  Up  Large  Ouna. — ^There  is  probably 
no  finer  example  of  making  shrink  fits  than  that  illustrated 
in  the  building  of  the  large  guns  now  constructed  for  the 
aimy  and  navy.  These  guns  are  built  up,  or  made  of  a  num- 
ber of  pieces.  The  first  part  is  a  long  tube  the  length  of  the 
gun.  Over  this  tube  are  fitted  and  shnmk  a  number  of  bands 
or  hoops  called  iackets,  and  over  these  is  fitted  another  set 

TABLE  n 
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.00450 

006 

009  to  .015 

7 

003 

.00525 

007 

01 1  to  .017 

8 

004 

.00600 

008 

012  to  .018 

of  hoops.  Great  skill  is  required  in  turning  the  jackets  and 
the  tidje  so  that  when  the  jackets  are  shrunk  on  they  will 
exert  a  certain  amount  of  compressive  force,  which  varies 
along  the  length  of  the  tube.  A  corresponding  difference  or 
allowance  in  the  fit  must  be  made  to  give  the  various  pressiu^s 
desired.  The  average  allowance  is  from  .0012  to  .0015  inch 
per  foot.  Great  skill  is  required  to  bore  and  turn  these  pieces 
to  the  correct  size,  as  a  difference  of  from,  .001  to  .002  inch 
may  be  sufficient  to  cause  rejection.  When  the  jackets  or 
ho(^  are  put  on  a  gun  tube,  they  are  first  heated  by  wood 
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or  gas  fires.  When  sufficiently  hot,  they  are  dropped  over 
the  tube  standing  on  end  in  a  pit.  As  soon  as  the  jacket  is 
in  place,  streams  of  water  are  turned  on  the  tube  to  keep  it 
cool  and  to  cool  the  jacket. 


irrnNO  allowancbs 

86.  The  fitting  allowances  given  in  Table  II  represent 
good  average  practice  for  shafts  from  1  to  8  inches  in  diameter. 
They  also  serve  to  suggest  the  allowances  to  be  made  on  work 
of  larger  diameter.  The  plus  sign  indicates  that  the  diameter 
of  the  shaft  is  to  be  increased  by  the  amount  of  the  allowance, 
and  the  minus  sign  indicates  that  the  shaft  is  to  be  made 
lanaller  by  the  amount  of  the  allowance.  Judgment  should 
always  be  used  in  determining  the  amount  of  allowance,  as 
the  values  suggested  in  the  table  may  have  to  be  increased 
or  decreased  to  suit  the  strength  of  the  work  and  the  use  to 
which  it  is  to  be  put. 

BOBINO  OPERATIONS 


TAKING    THE    BOBINO    CDT 

87.    Suppose  a  pulley  2  inches  long  is  to  be  bored  iH  inches 
in  diameter.     The  tool  used  is  a  boring  tool,  set  as  shown 


in  Fig,  36.    The  tool  is  clamped  r^dly  in  the  tool  post  so 
that  it  lies  parallel  with  the  lathe  V's  and  so  that  it  will  pass 
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throt^h  the  hole  in  the  work.    It  should  be  set  as  low  as 
possible  m  the  hole. 

88>  Boaghlng  and  Ftnisblng. — Both  roughing  and  fin- 
ishing cuts  are  started  at  the  front  end.  Roughing  cuts  should 
■  be  as  heavy  as  possible,  but  they  can  never  be  taken  very 
heavy  because  of  the  spring  of  the  tool.  After  the  first  cut 
the  hole  should  be  calipered  to  see  whether  it  is  being  bored 
parallel.  If  it  is  found  to  be  tapered,  lighter  cuts  should  be 
taken.  Sometimes  the  hole  may  be  made  parallel  by  reversing 
the  direction  of  the  feed,  which  will  start  the  cuts  at  the 
back  end  of  the  hole.  If  the  hole  is  to  be  finished  by  boring, 
the  last  cut  should  leave  a  smooth  surface;  but  if  a  reamer 
of  the  required  size  is  available  the  hole  can  be  bored  ^t  inch 
too  small  and  finished  by  running  the  reamer  through  while 
the  pulley  is  still  in  the  chuck. 


HEASUBINO    BOBBD    HOLES 

89.  Use  of  Calipers  and  Gauges. — Greater  skill  is 
required  for  measuring  the  diameters  of  holes  than  for  mea- 
suring outside  work.  The  holes  may  be  measiu^  by  the 
use  of  plug  gauges,  limit 

gauges,  or  inside  calipers. 

When   in^de    cahpers  are 

used,  they  may  be  set  from 

a  standard  ring  gauge,  from 

a  scale,  or  from  a  pair  of 

outside  calipers  that  have 

previously  been  set  from  a 

scale.    When  setting  an 

inside  caliper  from  a  scale, 

one  end  of  the  scale  should 

be  held  squarely  against  a  block,  as  shown  in  Pig.  37,  and  the 

caliper  adjusted  to  the  line  on  the  scale. 

90.  When  work  is  measured  with  inside  calipers  that 
have  been  set  from  outside  calipers,  there  is  chance  for  error 
in  adjusting  the  outside  caUpers,  in  transferring  the  size  to 
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the  inside  calipers,  and  in  the  final  measuring.  It  will  be 
seen  by  reference  to  Fig.  38  that  in  order  to  measure  accurately 
the  calipers  must  be  held  in  line  with  the  axis  AB  oi  the  hole. 
If  the  calipers  were  held  in  any  other  line,  as,  for  example,  CD, 
the  hole  would  appear  too  large;  for,  with  one  point'  resting 
against  the  work  at  b, 
the  other  point  a  would 
be  in  the  position  a'. 
When  the  solid  plug 
gauge  is  used  for  test- 
ing, extreme  care  is 
necessary.  If  the  hole 
is  the  exact  size,  the 
™-*'*  gauge  will  enter  only 

when  its  axis  is  held  exactly  in  the  line  A  B;  because  of  this, 
the  work  is  often  bored  too  large,  as  insufficient  care  is  used  in 
making  the  trial. 

If,  in  calipering  a  hole,  it  appears  to  be  very  close  to  size, 
a  second  cut  may  be  run  through  without  adjusting  the  tool 
deeper.  A  sufficient  amoimt  may  often  be  removed  by  this 
second  cut,  its  depth  depending  on  the  spring  of  the  tool 
during  the  previous  cut.  When  the  hole  is  lai^e  enough 
to  admit  heavy  tools,  they  should  be  used  to  avoid  the  spring 
as  much  as  possible. 

TAKING    CUT    WITH    BOBINO    BAK 

91.  Adjustment  of  Cutters. — After  the  work  has  been 
carefully  set,  and  tested  so  that  it  is  known  to  be  correct, 
the  cut  is  started  at  one  end.  One  tool  is  used  at  first  until 
a  sufficient  depth  of  cut  is  obtained  and  a  short  distance  bored 
into  the  work.  After  this  true  place  is  turned,  the  other  tools 
are  carefully  adjusted  so  that  each  does  its  share  of  the  work. 

92.  Shape  of  Boring  Tools. — The  took  for  the  roughing 
cuts  are  ground  round  on  the  point,  similar  to  the  diamond 
point,  and  very  little  clearance  shoiJd  be  given.  The  first 
roughing  cuts  are  generally  made  deep,  with  a  moderately 
fin?  feed.    The  finishing  cuts  are  made  with  a  very  coarse 
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feed.    The  fiaishing  tool,  therefore,  has  a  broad  cutting  edge 
with  a  nunimum  of  clearance. 

93.  Spring  of  Bar  and  Work. — It  will  be  seen  that 
the  boring  bar  held  between  the  lathe  centers  is  limited  in 
its  power  by  the  strength  of  the  lathe  center.  When  each 
of  the  four  tools  is  doing  its  share  of  the  work,  the  bar  is  well 
balanced  in  the  cut,  and  the  strain  on  the  lathe  centers  is 
small.  If  the  cut  is  very  heavy  on  one  side  and  light  on  the 
other,  the  opposite  cuts  will  be  unbalanced,  the  heavier  cut 
tending  to  spring  the  bar  away  and  into  the  lighter  cut  on 
the  opposite  side.  This  action  wiD  bring  a  great  strain  upon 
the  centers  of  the  lathe.  If  a  siuface  to  be  bored  is  much 
out  of  true,  it  is  best  to  true  it  by  taking  a  number  of  light 
cuts  to  prepare  the  work  for  the  finishing  cut.  Special  boring 
mills,  designed  for  this  class  of  work,  will  do  it  better  and 
more  rapidly  than  the  lathe.  At  the  same  time,  the  lathe 
is  always  at  hand  for  special  jobs  when  boring  mills  or  boring 
lathes  are  not  available, 

94.  Boring  an  £nglne  Cylinder. — ^The  general  scheme 
of  using  the  traverse-head  bar  for  boring  an  engine  cylinder  is 
shown  in  Fig.  39.  The  cross-slide  is  removed  from  the  lathe  and 
the  work  is  set  on  blocking  and  clamped  with  bolts  in  its  cor- 
rect position.  Considerable  care  should  be  taken  in  setting  this 
class  of  work  on  the  machine,  to  see  that  it  is  so  set  that  all 
faces  can  be  finished  in  their  correct  relation  to  cme  another  and 
to  correct  sizes.  The  bar  passes  through  the  work,  is  held 
between  the  lathe  centers,  and  is  driven  with  a  dog. 

95.  One  of  the  varioia  methods  of  operating  the  feed- 
mechanism  is  by  means  of  the  star  feed,  as  shown  in  Pig.  39. 
A  star  wheel  w  is  fastened  to  the  end  of  the  feed-screw,  which 
revolves  with  the  bar.  A  pin  /  is  fastened  in  some  convenient 
place  so  that  for  each  revolution  of  the  work  it  strikes  one 
of  the  arms  in  the  star  wheel  and  gives  it  a  partial  revolution. 
When  a  coarser  feed  is  desired,  two  or  more  pins  may  be 
arranged  to  act  one  after  the  other.  By  this  means  the  feed- 
screw is  revolved,  and  so  gives  motion  to  the  head.  Another 
method  of  revolving  the  feed-screw  is  to  put  a  gear  in  the 
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place  of  the  star  wheel.  A  second  gear  is  fixed  to  the  lathe 
center  so  that  it  gears  with  the  wheel  on  the  feed-screw. 
As  the  bar  revolves,  the  gear  and  the  feed-screw  rotate  about 
the  fixed  gear,  thus  revolving  the  feed-screw  on  its  axis.  If 
the  gears  are  of  the  same  size,  the  screw  will  make  one  revo- 
lution for  each  revolution  of  the  bar.  By  varying  the  sizes 
of  these  gears,  various  rates  of  feed  may  be  obtained. 


The  traveling-head  bar  is  more  desirable  for  large  work 
than  the  bar  with  the  fixed  head,  because  the  shding-head 
bar  need  be  but  little  longer  than  the  hole  through  the  work 
to  be  bored,  and  it  is  consequently  stiifer.  When  the  bar 
has  a  shding  head,  the  work  does  not  need  to  be  fastened 
to  the  carriage  of  the  lathe,  but  may  be  bolted  more  securely 
to  the  lathe  bed.     This  also  adds  to  the  rigidity  of  the  wtwk. 

BORING    TAFBB8 

96.  Boring  With  Taper  Attaehment  and  Compouiut 
Rest. — Taper  boring  is  often  best  done  on  the  lathe.  If 
the  work  is  held  in  the  chuck,  the  taper  may  be  bored  by  using 

the  taper  attachment.  The  attachment  is  set  in  the  same 
way  as  for  taper  tiuning,  and  the  operation  of  taking  the 
cut  is  the  same  as  in  boring  cylindrical  holes.     When  the 
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holes  to  be  bored  are  short  or  an  abrupt  taper  is  desired, 
the  compound  rest  may  be  used.  For  some  kinds  of  work, 
taper  reamers  are  employed.  They  are  held  in  the  tailstock 
the  same  as  the  ordinary  chucking  tools. 

97.  Reaming  Tapers. — Tapers  may  be  reamed  by  a 
tool  or  tools  inserted  in  the  cutter  head  o£  a  boring  bar.  The 
tools  must  be  in  the  form  of  blades  as  long  as  the  hole,  and 
set  so  that  their  cutting  edges  form  the  required  angle. 

98.  Boring  Tapers  With  Traveling-Head  Bar.— When 
the  boring  bar  with  the  traveling  head  is  used,  a  tapered  hole 
may  be  bored  in 
work  fastened  to  the 
carriage  or  bed  by 
setting  over  the  head- 
stock  end  of  the  bar. 
The  bar  is  set  over 
by  ctan^jing  a  false 
center  c,  Fig.  40  (a). 
to  the  face  plate,  and 
adjusting  it  at  any  re- 
quired distance  from 
the  true  center  of  the 
lathe.  The  amount 
that  this  center  b  to 
be  set  out  of  line 

may  be  estimated  in 

the  same  way  as  the 

amoimt  that  the  dead 

center  is  set  out  of 

line  in  plain  taper 

turning.    When   the 

bar  is  thus  set  out  of 

line,  only  one  cutter 

point  p  can  be  used.  ^'  ** 

It  should  be  so  set  that  when  the  false  face-plate  center  c  is 

at  the  front  and  at  the  same  height  as  the  dead  center,  the 

cutter  point  p  is  also  at  the  same  height. 
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99.  Boring:  lepers  With  Slotted  Bar.— The  slotted 
boring  bar  shown  in  Fig.  40  (b)  may  be  used  for  either  straight 
or  tapered  holes.  The  tool  bar  a  is  held  on  centers,  and  damped 
to  the  dead-spindle  end  b  so  that  it  cannot  rotate.  Throughout 
its  length  it  has  a  T  slot  or  a  dovetail  slot  that  carries  a  sliding 
cutter.  The  cutter  has  lugs  c  that  engage  the  end  of  a  feeding 
piece  d  held  in  the  tool  post  e.  The  work  /  may  be  clamped 
to  the  face  plate  g  as  shown.  As  the  feeding  piece  d  is  fed 
along  the  lathe,  it  will  force  the  sliding  cutter  fitting  the  slot 
to  feed  along  the  bar  a,  so  that  the  cutting  point  h  will  bore 
either  a  tapered  or  a  cylindrical  hole,  depending  on  the  posi- 
tion of  the  dead  center.  The  live  center  rotates  in  the  sta- 
tionary bar,  and  hence  it  should  be  hardened  and  supplied 
with  oil.  It  is  also  necessary  to  feed  the  tool  post  in  by  means 
of  the  cross-slide  as  the  cut  advances,  so  as  to  prevent  the 
lugs  c  from  passing  out  of  contact  with  the  feeding  piece  d. 
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LATHE  OPERATIONS 


TAPEK  TtTRNING 


BXPBBBBINO    AND    FORUtNO    TAPBBS 

1.  Taper  is  expressed  by  the  diiference  in  diameter  per 
tinit  of  length,  as  )  inch  to  1  inch,  or  2  inches  to  1  foot,  meaning, 
in  the  first  case,  that  if  measurements  are  taken  1  inch  apart 
on  a  taper,  the  difference  in  diameters  will  be  i  inch,  or,  in 
the  second  case,  if  measured  1  foot  apart,  the  difference  in 
diameters  will  be  2  inches.  It  matters  not  how  lai^e  a  piece 
may  be,  provided  this  ratio  of  diameters  is  maintained.  Fig.  1 
shows  a  number  of  pieces  of  different  diameters  but  all  of 
the  same  taper.  Thdr  lengths  are  the  same,  and  the  difference 
c£  diameters  at  the  two  ends  is  constant. 

2.  Pieces  of  different  lengths  but  of  the  same  taper  are 
shown  in  Fig.  2.  The  first  piece,  1  inch  long,  has  a  difference 
of  J  inch  in  diameter  at  the  ends.  The  next  piece,  2  inches 
long,  has  f  inch  difference  of  diameter  at  the  ends;  the  third 
piece,  4  inches  long,  has  i  inch  difference  in  diameter.  If 
the  piece  were  12  inches  long,  the  difference  of  diameters  at 
the  ends  would  be  -V  or  li  inches  taper  to  the  foot.  It  may 
thus  be  seen  how  taper  expressed  in  one  denomination  may  be 
reduced  to  another  denomination.     Thus,  to  reduce  taper  per 
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foot  to  taper  per  inch  divide  the  taper  per  foot  by  12.  To 
reduce  taper  per  inch  to  taper  per  foot  multiply  the  taper 
per  inch  by  12. 

3.  Standard  Tapers. — ^Tapers  are  often  spoken  of  by 
numbers  or  by  the  names  of  particular  makers,  as,  for  example, 

the  Brown  &  Sharpe  taper 
of  a  given  number,  or  the 
Morse  taper  of  a  given  num- 
ber. The  Brx>wn  &  Sharpe 
taper  is  supposed  to  be  a 
taper  of  J  inch  to  1  foot, 
and  the  number  of  the  taper 
indicates  a  particular 
diameter.  The  Morse  taper 
was  intended  to  be  f  inch 
to  1  foot,  and  the  numbers 
indicate  different  sizes. 
Unfortunately,  the  first 
standards  were  slightly  inaccurate,  and  consequently  the  differ- 
ent numbers  of  Morse  tapers  are  not  the  same  as  originally 
intended  and  only  the  tapers  Nos.  0  and  7  are  exactly  f  inch 
to  1  foot.  The  taper  of  pipe  threads  is  J  inch  per  foot,  which 
is  called  standard  taper  in 
some  shops.  'i'^ — ^~*fi' 

4.  Methods  of  Turn- 
ing Tapers. — ^There  are 
four  common  ways  by 
which  a  taper  may  be 
turned.  The  dead  center 
may  be  set  out  of  line  with  ^°-  * 

the  hve  center;  a  lathe  provided  with  a  special  taper  attach- 
ment may  be  used;  a  special  turning  lathe  in  which  the  head- 
stock  and  tailstock  may  be  set  at  an  angle  to  the  line  of 
tool  feed-motion  may  be  employed;  or  the  taper  may  be 
turned  with  the  aid  of  a  compound  rest.  The  first  method 
is  applicable  to  outside  turning,  although  by  the  use  of  a 
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steady  rest  it  may  also  be  made  applicable  to  boring.  Many 
sleeves  and  collets  are  bored  in  tills  way.  The  other  three 
methods  may  be  used  for  turning  and  boring. 


SBTTINO    OVEB    THE    TAO^TOCK 

5.  Construction. — The  tailstock  of  a  lathe  is  so  con- 
structed that  the  spindle  may  be  moved  to  bring  the  dead 
center  either  exactly  in  line  with  the  live 
center  for  parallel  turning  or  out  of  line 
with  the  live  center  for  taper  turning. 
Fig.  3  shows  an  end  view  of  a  tailstock. 
The  base  a  is  fitted  to  the  lathe  bed. 
The  top  b  is  fitted  accurately  to  the 
base  a  and  may  be  moved  toward  either 
the  front  or  the  back  of  the  lathe.  The 
top  part  b  is  moved  by  turning  the  ad- 
justing screw  c  at  the  front.  When  it  is  ^'°'  ^ 
desired  to  turn  a  taper,  the  tailstock  is  tmclamped  by  loosening 
the  nut  d  that  clamps  it  to  the  bed  and  the  dead  center  is 
moved  out  of  line  an  amount  that  has  been  previously  calculated 
or  found  by  trial  to  be  correct. 

6.  Amount  of  Sot-Over. — The  amount  that  a  center 
should  be  moved  to  turn  a  given  taper  can  be  easily  calculated. 
Suppose  that  it  is  desired  to  turn  a  taper  ^  inch  to  the  foot 
on  the  piece  shown  in  Fig.  4.  This  means  that  in  1  foot  of 
length  the  difference  of  diameters  is  J  inch,  and  as  the  piece 
is  1  foot  long,  it  will  be  necessary  to  move  the  dead  center 
out  of  line  and  toward  the  front  of  the  machine  one-half  of 
this  half  inch,  or  }  inch.     It  must  be  understood  in  turning 


t— 


that  if  a  cut  J  inch  deep  is  taken  the  diameter  is  reduced 
i  inch.    Moving  the  dead  center  toward  the  tool  ;  inch  is 
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equivalent  to  taking  a  shaving,  or  cut,  {  inch  deep.  The 
amount  that  a  center  is  set  out  of  line  may  most  easily  be 
meastu^d  by  moving  the  two  centers  close  to  eadi  other  and 
measuring  firom  point  to 
point  with  a  scale,  as  in 
Fig,  6,  or  by  means  of  a 
scale  on  the  tailstock,  as 
shown  in  Fig.  6. 

7.  Suppose  that  in  the 
piece  shown  in  Fig.  7  the 
taper  is  J  inch  to  1  foot  and 
that  the  piece  is  10  inches 

long.    If  the  piece  were  12  inches  long,  it  could  at  once  be 

estimated  that  the  center  should  be  set  out  of  line  f  inch;  but 

as  the  piece  is  less  than  12  inches  long,  }  inch  would  not  be 

correct,  as  it  would  turn  the 

taper  too  blunt.    The  taper 

per  foot  is  reduced  to  taper  , 

per  inch  by  dividing  by  12. 

Dividing    }    by     12    gives 

JXtV-A  =  A    inch;    A 

inch  to  the  inch  is  therefore 

eqt:al  to  |  inch  to  the  foot. 

Multiplying  the  total  length 

of  the  piece  between  centers 

by  10,  AX10=M  =  |  inch,  the  taper  in  apiece  10  inches  long. 

As  the  center  is  set  over  half  the  amount  of  the  taper,  divide 

J  by  2,  which  gives  A  inch,  the  amount  that  the  center  should 
be  moved  out  of  line. 


8.     Setting    by     Notches. 

J^  When  the  taper  per  foot  is  not 
given  but  the  diameters  and 
the  distance  between  them  are 
known,  the  notch  method  may  be  used.  Suppose  that  a  piece 
as  shown  in  Fig.  8  is  to  be  finished.  Notches  are  first  cut  in 
the  stock,  as  shown  at  a  and  b,  Pig.  d.  One  notch  is  cut  to 
the  diameter  of  the  taper  at  the  small  end.    The  second  notch 
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is  cut  to  the  correct  diameter  at  the  large  end.  Frcpm  these 
diameters,  measurements  are  taken  for  setting  the  lathe,  as 
will  be  shown  later. 

9.  The  work  is  kept  between  the  centers  after  notching 
and  the  tool  held  in  the  tool  post,  the  same  as  for  cutting 
the  notches.  The  dead 
center  is  set  over  an 
amount  estimated  by 
judgment.  The  tool  is 
then  moved  opposite  one 
notch  of  the  work,  as 
at  a.  Fig.  9,  and  the  dis- 
tance from  the  point  of  the  tool  to  the  bottom  of  the  notch  is 
measured.  The  tool  and  carriage  are  then  moved  opposite  the 
second  notch  6,  and  the  same  measurement  is  taken.  K 
the  measurements  are  alike,  the  work  is  correctly  set;  if  not,  the 
dead  center  must  be  adjusted  until  they  are  the  same.  After 
each  adjustment  of  the  tailstock,  the  distance  must  be  measured 
from  each  notch  to  the  tool  point.  It  is  not  right  to  measure 
with  the  tool  in  position  a,  and  then  adjust  the  tailstock  until 
the  measurement  at  6  is  the  same,  for  it  will  be  seen  that  in  , 


changing  the  measurement  at  b  the  measurement  at  a  will 
also  change,  although  not  so  rapidly. 

Various  methods  are  employed  for  taking  the  measurements 
from  the  work  to  the  point  of  the  tool.  An  ordinary  scale  or  a  pair 
o£  inside  caUpers  may  be  employed.  When  calipers  are  used, 
it  is  better  to  use  the  butt  end  of  the  tool,  or  some  flat  surface,  as 
it  is  easier  to  measure  between  surfaces  than  between  points. 
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10.  Caliper  Tool. — ^A  still  better  way  is  to  have  a  special 
caliper  tool,  as  shown  in  Fig,  10.  It  consists  of  a  shank  6 
like  an  ordinary  lathe  tool,  to  the  end  of  which  is  pivoted  a 
pointer  p,  which  can  be  moved  like  the  leg  of  a  caliper.    The 


tool  is  clamped  to  the  tool  post  and  adjusted  so  that  the 
rivet  e  on  which  the  pointer  swings  is  at  the  same  height  as 
the  axis  of  the  work.  When  testing  the  work,  the  pointer 
is  brought  opposite  one  of  the  notches  and  the  tool  is  adjusted 
by  means  of  the  cross-feed  screw  imtil  the  end  of  the  pointer 
just  touches  the  work,  as  shown.  The  nurled  knob  a  is  con- 
nected with  the  pointer  and  is  used  for  moving  it  in  calipering. 
After  the  tool  is  adjusted  fof  one  position,  the  pointer  is 
dropped  so  that  it  can  be  moved  to  the  other  position,  where 
it  will  at  once  indicate  whether  the  work  is  correctly  set  or  not, 

11.     Setting  by  Turning  Parallel  to  Two  Diameters. 

Sonietinies  tapered  work  is  set  by  tumii^  to  two  diameters, 
as  shown  in  Fig.  11.  the 


work  being  turned  to 
the  smallest  diameter  of 
the  taper  up  to  its  be- 
ginning, and  then  from 
this  point  to  the  head  of 
'""'" "  the  taper  the  work   is 

turned  to  the  largest  diameter  of  the  taper,  as  shown.  After 
this,  the  tool  may  be  set  to  the  large  and  small  diameters  a 
and  b,  as  in  the  case  of  setting  by  notches.  The  advantage 
of  this  method  is  that  a  large  portion  of  the  stock  is  removed 
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while  the  work  is  between  centers  that  are  in  line  and  the  cen- 
ters of  the  work  fit  perfectly. 

12.  Setting:  Witt  a  Model  Piece.— When  a  model 
taper  has  been  furnished,  the  lathe  may  be  set  directly  from 
it.  The  model  is  put  between  the  lathe  centers,  and  the 
dead  center  is  so  adjusted  that  the  measurements  from  the 
point  of  a  tool  in  the  tool  post  to  the  taper  model  remain 
constant  as  the  carriage  and  tool  are  moved  along  its  length. 
When  close  measurements  are  desired,  the  tool,  or,  better, 
some  article  with  a  rounded  end,  is  brought  close  to  the  model, 
and  at  the  height  of  the  center  so  that  it  loosely  pinches  a 
piece  of  tissue  paper.  The  tool  and  the  paper  are  moved 
along  the  length  of  the  taper  and  the  setting  is  tested  at  various 
places  by  pulling  the  paper.  If  the  paper  sUps  between  the 
tool  and  the  taper  model  with  about  the  same  pull  at  all 
places,  the  setting  is  correct. 


OBJECTIONS    TO    SETTINO    OV£R    OF    DEAD    CBNTEB 

13.  Wear  of  Centers. — When  the  dead  center  is  set 
over  considerably,  as  shown  in  Fig.  12,  it  will  be  seen  that 
the  dead  center  touches  the  work  at  only  two  points.  This 
is  objectionable,  as  the  work  rotates  about  the  dead  center, 
and  there  is  a  tendency  to  wear  away  both  the  center  holes 


and  the  lathe  centers.  Much  wear  would  result  in  a  shape 
as  shown  in  Fig.  13.  The  front  side  of  the  point  of  the  center 
is  worn  away,  a  groove  is  formed  at  the  back,  and  the  center 
hole  is  worn  into  a  bell  shape.     The  live  center  revolves  with 
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the  woric,  so  that  the  wearing  action  between  it  and  the  center 

is  somewhat  different.     On  the  dead  center  the  work  has 

a  rotating  motion,  but  on  the  live  center  it  has  a  reciprocating 

motion.     The  result  is  that  the  hve  center  is  worn  evenly 

all  around,  and  the  center  hole  is 

worn  to  about  the  same  shape  as  the 

dead-center  hole. 

14.    This  wear  on  the  center  holes 

is  very  objectionable.     It  makes  it 

difficult  to  turn  a  true  taper,  and  if  a 

^■^  *'  part  of  the  work  has  been  turned 

true  and  parallel,  it  will  be  found  to  run  untrue  on  the  worn 

center  hdes.     The  result  is  that  after  a  taper  has  been  turned, 

the  tapered  part  and  the  parallel  part  do  not  run  true  with 

each  other.  ■  Besides,  if  the  lathe  centers  become  much  worn, 

it  will  be  necessary  to  grind  them  before  parallel  or  true  work 

can  again  be  turned. 

15.    Different  Tapera  for  Different  Lengths  of  Work. 

When  it  is  desired  to  turn  the  same  taper  on  a  number  of 
pieces  of  different  lengths,  it  will  be  found  that  the  center 
must  be  adjusted  or  reset  for  each  length  of  work.  When 
the  lathe  is  adjusted  to  turn  a  given  taper  or  work  of  a  par- 
ticular length,  it  will  be  found  that  if  the  work  is  a  little  longer 
or  shorter,  the  taper  will  be  changed.    Suppose  that,  in  Fig.  14, 


a  b  represents  the  line  of  lathe  centers  for  turning  parallel 
work.  Assume  that  the  dead  center  is  set  out  of  line  J  inch, 
as  shown  by  the  hne  c  d.  Any  piece  that  may  be  turned 
with  the  dead  center  thus  set  \vill  have  a  difference  of  diameters 
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at  its  ends  of  \  inch.  If  the  piece  is  1  inch  long,  so  that  the 
dead  center  is  in  position  e,  the  taper  will  be  ^  inch  to  the  inch. 
If  the  piece  is  2  inches  loi^,  so  that  the  dead  center  is  in 
position  /,  the  taper  wilt  be  J  inch  to  2  inches,  or  I  inch  to  the 
inch.  If  the  piece  is  3  inches  long,  so  that  the  dead  center 
is  in  position  g,  the  taper  will  be  i  inch  to  3  inches,  or  2  inches 
to  the  foot.  These  three  tapers  may  be  compared  by  reference 
to  the  outlines.  It  is  evident  that  any  slight  difference  in  the 
distances  between  centers  in  turning  two  pieces  of  work  will 
make  a  difference  of  taper  that  can  readily  be  detected  when 
fitting  work.  If  in  two  pieces  of  the  same  length,  one  has 
much  deeper  center  holes  than  the  other,  it  will  allow  the 
lathe  centers  to  come  closer  together,  which  will  cause  a 
slight  error  in  the  taper  that  may  have  to  be  corrected  in  the 
final  fitting. 

16.  The  amount  of  taper  that  can  be  turned  between 
centers  by  setting  over  the  center  is  limited  by  the  total  length 
of  work  and  the  amount  of  adjustment  possible  in  the  tail- 
stock.  Suppose  the  greatest  amount  of  set-over  in  the  tailstock 
is  2  inches.  TTus  will  make  a  difference  of  diameter  at  the 
ends  of  the  work  of  4  inches.  If  it  is  desired  to  turn  a  t^>er 
of  1  inch  to  the  foot,  the  greatest  length  of  shaft  on  which 
it  could  be  turned  is  4  feet,  and  if  the  shaft  or  work  should 
be  loiter,  it  would  be  necessary  to  use  some  other  method 
of  turning  the  taper.  ______ 

TCBNtNO    TAPER 

17,  Use  of  Compound  Rest. — ^When  the  taper  is  very 
abrupt,  such  as  1  inch  to  the  inch,  it  can  be  turned  best  by 
means  of  the  compound  rest,  shown  in  Fig.  15.  It  consists 
of  an  extra  slide  for  carrying  the  tool  block,  which  is  mounted 
in  the  place  of  the  tool  block  on  the  ordinary  saddle.  This 
extra  slide  rests  on  a  circular  base  and  can  be  so  rotated  and 
set  that  the  motion  of  the  tool  block  may  be  in  a  line  at  any 
angle  with  the  regular  cross-feed.  The  base  of  the  compound 
rest  is  usually  graduated  with  degrees,  so  that  it  may  easily 
be  set  at  any  desired  angle.    When  the  angle  in  degrees  of 
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a  taper  is  not  ioiown,  it  may  be  found  by  making  a  drawing 
of  the  work. 

18.  Example. — Supjwse  that  it  is  desired  to  turn  the 
piece  shown  in  Fig.  16.     If  the  drawing  has  been  accurately 

made,  the  angle  may  be 
■  measured  with  a  bevel 
protractor;    if    only    a 
sketch  with  dimensions 
is  given,  the  angle  may 
be  laid  of!  as  follows: 
Draw  two  lines  a  b  and 
cd.   Fig,    17,   at   right 
angles  to  each  other,  in- 
tersecting at  0.    On  a  b 
lay  off  from  o  a  dis- 
tance of  8  inches,  equal 
to  the  distance  between 
the  given  diameters.     On  c  d  lay  oil  7  inches,  equal  to  half  the 
difference  of  diameters,  or  equal  to  the  difference  of  radii. 
Draw  a  line  through  these  two  points.     If  a  protractor  is  at 
hand,  the  angles  may  be  measured;  if  not,  a  bevel  may  be 
set  equal  to  the  angle  y. 
With  the  bevel,  the  com- 
pound rest  may  be  set  at 
the  proper  angle  by  using 
it  as  shown  in  Fig.  15.     The 
beam  of  the  bevel  is  held 
against  the  face  plate  while 
the  compound  rest  is  swung 
to  the  angle  indicated  by  the 
blade  of   the  bevel.     This 
method  of  settir^  the  com- 
pound rest  is  also  used  when 
boring  tapered  holes.     The 
bevel  is  used  also  to  set  a  compound  rest  that  is  not  graduated. 

19.  Use   of  Two  Feed-Motions. — Another  method   of 
turning  tapers  is  to  use  the  two  feeds  at  once.     The  longi- 
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tudinal  feed  is  thrown  in  and  the  tool  may  be  fed  crosswise 
by  hand.  This  method  is  used  for  roughing  steep  tapers 
rapidly. 

20.  Position  of  Tool. — The  operation  of  tumii^  a 
taper,  after  the  machine  has  been  set  is  similar  to  that  of 
turning  a  plain  cylinder.  The  difEer-  , 
ence  wiU  be  found  in  the  manner 
of  setting  the  tool.  This  excep- 
tion is  of  sufficient  importance  to 
warrant  the  statement  of  the  fol- 
lowing rule :  The  point  of  the  tool 
for  turning  a  taper  should  be  at 
the  same  height  as  the  axis  of  the  ' 
work.  If  the  tool  is  set  above  the 
center,  the  large  end  of  the  taper 

will  be  turned  too  small,  and  the  sides  will  be  curved  inwards 
instead  of  straight. 


TUHNING  AND  PnTING  THE  TAPBH 
21.  Methoda  of  Turning  and  Testing. — ^A  taper  is 
turned  by  the  set-over  method  by  setting  the  center  over  a 
distance  judged  to  be  correct.  A  tool  is  set  to  the  height 
of  the  center  and  a  roughing  cut  is  taken  over  the  taper.  After 
the  roughing  cut  has  been 
taken,  and  before  the 
tapered  piece  is  near  the 
finished  size,  it  should  be 
tested  in  the  piece  it  is  in- 
tended to  fit.  The  taper 
is  carefully  placed  in  the 
tapered  hcde  and  first  tested 
by  the  sense  of  feeling.  If 
one  end  is  much  too  small,  as  at  c.  Fig.  18,  it  can  be  detected  by 
rocking  the  work  in  the  hole.  The  plug  will  just  fill  the  hole 
at  the  outer  end  a,  and  though  the  imperfect  fit  cannot  be 
seen,  it  can  easily  be  felt.  In  case  the  indications  are  that  the 
dead  center  was  moved  too  far  out  of  line,  it  should  be  moved 
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back  a  very  slight  amount  and  another  cut  taken  over  the 
work.  After  this  cut,  the  woric  should  be  tested  £^ain,  and 
if  there  is  no  perceptible  wabble  the  fit  may  be  tested  stiU 
more  dosdy  by  drawing  three  chalk  lines  along  its  length. 
The  work  is  then  placed  in  the  hole  and  a  turn  or  two  given 
in  a  direction  oppo^te  to  the  motion  it  had  in  the  lathei  On 
removing  the  work,  it  will  be  seen  that  the  chalk  has  rubbed 
off,  and  is  black  at  either  one  end  or  the  other,  depending 
on  which  end  was  too  large. 

22.  The  tailstock  is  adjusted  again,  and  a  light  cut  is 
taken  over  the  taper.  The  chalk  marks  are  drawn  along  the 
taper  and  it  is  tried  in  the  hole  again.  If  the  chalk  is  rubbed 
off  evenly  the  whole  length  it  indicates  that  the  settii^  is 
correct.  The  taper  is  then  turned  to  size  by  one  or  more 
light  cuts.  The  size  should  be  such  that  the  taper  will  go 
in  nearly  as  far  as  required.  The  lathe  is  speeded  up  and 
the  taper  is  filed  evenly  all  over  with  a  smooth  file  to  remove 
the  tool  marks.  Chalk  marks  are  made  along  it  ^ain,  and 
it  is  tried  in  the  hole  by  being  given  a  turn  or  two  backwards. 
The  chalk  will  be  rubbed  off  the  high  parts  of  the  taper,  and  a 
smooth  or  a  dead-smooth  file  should  be  employed  to  touch 
off  these  h^h  spots.  The  file  should  be  clean  and  used  with 
a  light,  even  pressure,  A  further  test  will  usually  show  that 
the  bearing  has  been  improved.  The  tests  and  corrections 
are  repeated  imtil  the  dialk  is  rubbed  off  evenly  the  whole 
length,  when  the  taper  will  be  a  practical  fit. 

23.  Prussian-Blue  Uarfclng. — In  fine  fitting,  the  thick- 
ness of  a  chalk  line  is  sufficient  to  make  an  error  of  some 
importance,  so  a  substitute  is  used.  One  half  of  the  tapered 
piece  along  its  length  is  coated  very  thinly  with  Prussian-blue 
marking,  applied  with  the  filler,  and  nearly  all  rubbed  off, 
just  enough  being  left  to  give  it  color.  The  work  is  then 
tested  in  the  hole  or  gauge,  and  a  turn  given  to  it.  if  the 
marking  is  evenly  distributed  along  the  taper,  it  indicates  a 
perfect  bearing. 
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RABIAL  PACINQ 


FACING    OF    BBVOI.VINa    WOBK 

24.  When  a  true  flat  surface  is  turned  in  a  lathe,  on  work 
held  in  a  chuck,  on  a  face  plate,  or  between  centers,  the  opera- 
tion is  called  radial  facing ;  for  example,  squaring  up  the 
ends  of  a  piece  of  work  held  between  centers  is  radial  facing. 

25.  Essentials  In  Radial  Facing. — lliere  are  two 
important  points  in  all  facing.  First,  all  end  play  of  the 
lathe  spindle  must  be  taken  up.  Second,  the  carriage  must 
be  clamped   on  the  V's,  which 

prevents  the  tool  from  moving 
away  from  the  work. 

26.  Tools  Used  and  Their 
Shapes. — ^Tools  for  radial  facing 
do  not  need  so  great  a  clearance 
angle  or  front  rake  as  when 
cylindrical  shapes  arc  turned.  In 
shape,  the  tools  for  radial  facing 

resemble  planer  or  shaper  tools,  ^^^  ,g 

especially  when  they  are  used  for 

facing  from  the  outside  toward  the  center.  A  large  variety  trf 
tools  can  be  used  for  radial  facing,  and  in  most  cases  a  bent 
tool  is  preferable,  because  in  the  tool  post  it  can  be  held  doser 
to  the  cutting  edge,  thus  giving  greater  stiffness. 

27.  In  Fig.  19  is  given  a  front  elevation  of  a  tool  presented 
to  the  work  for  radial  facing,  the  front  rake  being  shown  by 
the  line  G  H.  The  tool  point  a  is  placed  about  level  with  the 
center  of  the  work.  Fig.  20  gives  a  plan  illustrating  how 
the  same  tool  should  be  set.  The  tool  should  make  an  angle 
of  from  30*  to  45'  with  the  face  of  the  work,  and  the  cutting 
edge  should  be  presented  to  the  work  as  indicated  by  the 
line  EF.  The  type  of  tool  shown  should  be  fed  from  the  out- 
side toward  the  center,  the  tool  being  set  at  the  same  height 
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as  the  center  of  the  work.  The  tool  may  be  fed  either  by 
hand  or  by  power  feed.  For  finishing  radial  surfaces,  the 
side  tool  may  be  employed,  or  a  special  square-nosed  tool 
may  be  used.  The 
square-nosed  tool  has 
the  advant^e  that  it 
can  be  fed  in  either 
direction.  If  the  feed 
and  the  cut  are  heavy, 
care  must  be  taken  that 
the  tool  does  not  swing 
into  the  work. 

28.   Cutting  speed. 

In  radial  facing,  the  cut- 
ting speed   of  the  toed 
will   vary  according  to 
the  diameter  of  the  work 
at  the  point  where  the 
tool    is    operating,    the 
number  of  revolutions  per  minute  remaining  the  same ;  hence, 
it  is  evident  that,  as  the  tool  advances  toward  the  center,  the 
cutting  speed  will  decrease.    For  this  reason,  on  large  surfaces, 
it  is  advantageous  to  speed  up  the  lathe  as  the  tool  advances 
toward  the  center. 


PACINQ    OP    9TATIONART    WORK 

29.  Position  of  Work.-— When  the  work  to  be  operated 
on  is  so  lai^e  that  it  cannot  be  swung  on  the  face  plate,  it 
must  be  blocked  up  to  the  proper  position  and  bolted  to 
the  carriage  or  lathe  bed  securely,  so  that  there  will  be  no 
chance  of  its  moving  during  the  facing.  It  is  faced  by  means 
of  a  rotating  tool  or  cutter. 

30.  Facing  Arms. — For  facing  the  ends  of  cylinders 
a  facing  arm  is  used,  as  shown  in  Fig.  21 .  The  arm  is  fastened 
to,  and  rotates  with,  the  boring  bar.  On  one  side  is  fitted  a 
tool  block  a  that  slides  on  a  guide,  and  that  carries  the  cutting 
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tool  b.    Feed-motion  is  given  by  means  of  a  screw  operated 
by  the  star  wheel  c,  which  is  made  to  rotate  partly  for  each 
revolution  of  the  bar.     In  this  way,  the  tool  is  fed  entirely 
across  the  face  of  the  work.     When  a  facing  arm  is  not  at 
hand,  a  cross-slide  of 
some  sort  is  fastened 
to  the  face  plate  of  the 
lathe.     Very  often  the 
compound  rest  is  so 
fastened  to   the  face 
plate   that   the    slide 
may  be  used  for  feed- 
ing a  tool  across  the 
face  of  the  work. 

31.  When  a  piece 
of  work  held  either  in 
a  chuck  or  on  a  face 
plate  is  to  be  bored 
and  faced,  it  is  best 

to  do  the  facing  first.  ^°-  ^^ 

or  at  least  to  take  a  roughing  cut  before  doing  the  boring. 
A  better  chance  is  thus  given  to  start  chucking  tools  and  a 
better  edge  is  furnished  for  calipering  the  hole;  also,  when 
facing,  the  tool  has  a  greater  leverage  on  the  work,  and  hence 
a  greater  tendency  to  displace  it.  For  these  reasons,  all 
facing  and  outside  rough  turning  should  be  done  before  boring. 


TURNING  LOiNG  WORK 

32.  Steady  Rest. — ^When  long  shafts  are  to  be  turned, 
it  is  necessary  to  support  them  along  their  length;  ■otherwise, 
they  will  bend  and  vibrate  so  that  it  will  be  very  difficult 
to  take  a  cut  from  them.  Fig.  22  shows  a  steady  rest  that 
is  supphed  with  engine  lathes.  When  in  use,  this  rest  is 
bolted  to  the  top  of  the  lathe  bed  at  a  place  where  it  is  desired 
to  support  the  shaft.  The  rest  is  made  in  two  parts,  with  a 
hinge  a  at  the  back  and  a  latch  or  clamp  b  at  the  front.     After 
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the  steady  rest  is  clamped  on  the  bed,  the  latch  is  undamped, 
the  top  half  turned  back,  and  the  jaws  moved  so  far  from  the 
center  that  they  will  not  touch  the  shaft.  The  shaft  can  next 
be  put  in  the  lathe  between,  the  centers.  The  top  half  is  then 
closed  and  clamped  in  place.  If  the  shaft  is  true,  the  jaws  c 
may  be  adjusted  so  that  they  just  touch  it. 

33.  The  steady  rest  is  adjusted  by  sliding  the  front  bottom 
jaw  c  up  so  that  it  is  in  light  contact  with  the  sbslt,  and  nm- 

ning  up  the  setscrew  d 

so  that   it  is  in    like 

position  with  the  jaw. 

The  lower  back  jaw  is 

then    adjusted   in    the 

same    manner.     The 

pressure  of  thesetscrews 

must   be   so   light  that 

neither  jaw  will  spring 

the  work  in  the  least. 

The  top  is  then  closed 

and    clamped   securely. 

The  top  jaw  is  brought 

in  contact  with  the  work 

I  and  the  top  setscrew  is 

adjusted   to  it,   which 

will  leave  the  shaft  an 

easy  running  fit  in  the 

*^*'  rest.    The  clamp  screw 

in  each  jaw  is  then  tightened  securely  and  each  setscrew  is 

tightened  Ughtly.     If  the  work  heats  and  runs  tight  in  the  rest, 

it  is  relieved  by  slightly  unscrewing  the  clamp  screw  holding 

the  top  and  the  bottom  together.    The  jaws  should  be  oiled 

where  the  shaft  turns  on  them. 

34.  In  Pig.  23  is  shown  a  method  of  holdii^  a  bar  when 
it  is  desired  to  operate  on  the  end  for  boring  or  turning.  In 
adjusting  a  steady  rest,  the  bar  is  held  by  one  end  in  the  chudc 
and  adjxisted  to  run  true,  and  the  other  end  is  supported  on 
blocks  of  wood  at  a  height  eqiial  to  that  of  the  dead  center. 
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The  steady  rest  is  moved  very  close  to  the  chuck  and  the 
jaws  are  moved  to  touch  the  bar.  Afterwards,  the  steady 
rest  is  opened  by  turning  back  the  top,  but  without  changing 
the  adjustment  of  the  jaws.     It  is  then  moved  down  the 


bar,  and  clamped  in  the  desired  place.  By  this  method  of 
adjusting  the  jaws,  the  work  is  held  in  line  with  the  beadstock 
spindle.  This  method  of  supporting  work  is  often  used  for 
very  large  pieces,  and,  when  necessary,  very  large  and  heavy 
steady  rests  are  used. 

35.  The  forging  for  a 
large  gun  is  usually  oper- 
ated on  while  one  end  is 
supported  in  and  driven  by 
a  chudt,  and  the  body  of 
the  piece  is  upheld  by  one 
or  more  steady  rests  of  an 
especially  heavy  design. 
Fig.  24  illustrates  one  of 
them  supporting  the  inner 
tube  for  a  12-inch  gun,  a 
being  the  tube  and  b  a  large 
cannon  drill  used  for  boring  ""  " 

the  inside  of  the  tube.  In  gun  work,  the  roughing  and  finishing 
tools  are  specially  designed  drills  and  reamers,  and  the  cutting 
speeds  are  very  slow,  it  having  been  found  that  speeds  exceeding 
6  or  8  feet  per  minute  with  carbon-steel  tools  are  usually  unprofit- 
able, as  they  will  cause  excessive  wear  and  breakage  of  the  tools. 
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36,  Spotting  or  Shart. — If  the  shaft  does  not  run  per- 
fectly true,  a  spot  that  does  run  true  must  be  turned  on  it, 
and  the  jaws  of  the  steady  rest  must  be  adjusted  to  the  spot. 
If  the  steady  rest  were  adjusted  to  a  place  that  did  not  run 
true  at  first,  it  would  be  fcmnd  that  after  it  was  adjusted, 
the  shaft  would  appear  to  run  true  and  would  continue  to  do 
so  until  the  jaws  were  ^ain  loosened,  when  the  shaft  would 
spring  to  its  natural  shape  and  wabble  as  before.  When  a 
shaft  is  to  be  spotted  for  the  steady  rest,  a  very  fine,  light 
cut  of  any  diameter  is  made  to  give  the  jaws  a  fair  bearing. 

37.  If  the  shaft  is  quite  long  and  it  is  desired  to  put  the 
steady  rest  near  the  middle  of  the  shaft,  it  may  be  found  that 


the  shaft  cannot  at  once  be  spotted  in  the  middle  because 
of  its  extreme  flexibility.  Cuts  near  the  end  of  the  shaft, 
where  it  is  better  supported  by  the  lathe  centers,  may  be 
taken.  In  such  a  case,  a  cut  would  be  taken  near  the  dead 
center  and  a  spot  made. ,  When  the  shaft  is  thus  spotted, 
the  steady  rest  may  be  adjusted  to  this  place  and  the  second 
spot  turned  farther  along.  In  this  way  the  spots  may  be 
moved  a](*ig  the  shaft  until  the  middle  is  reached. 

38.  Cat  Head. — On  some  classes  of  work,  it  is  desirable 
to  use  the  steady  rest  on  a  part  that  does  not  run  true,  and 
it  is  not  desirable  to  spot  the  place  on  the  shaft.     In  such 
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a  case,  a  device  called  a  cat  head  is  adjusted  on  the  shaft. 
A  cat  head  is  a  collar  that  fits  loosely  over  the  shaft  at  the 
place  where  the  steady  rest  is  to  be  set,  and  is  there  clamped 
on  the  shaft  by  a  number  of  setscrews,  as  shown  in  Fig.  25. 
By  varying  the  adjustment  of  the  setscrews  at  the  ends,  the 
cat  head  may  be  set  to  run  true.  This  device  may  be  used 
on  square  work  or  on  any  piece  of  work  that  does  not  have 
a  true  surface  or  that  cannot  be  spotted  for  a  steady  rest. 

39.  After  the  cat  head  has  been  set,  the  jaws  of  the  steady 
rest  may  be  adjusted  to  it  the  same  as  to  a  larger  shaft.  In 
the  case  of  the  slender  shaft  just  mentioned,  the  cat  head 
may  be  used  instead  of  making  the  series  of  spots  from  the 
end.  If  the  shaft  is  long,  it 
may  be  necessary  to  use 
two  or  more  steady  rests. 
When  the  tool  and  carriage 
have  fed  up  to  the  steady 
rest  it  must  be  moved  to 
another  position  to  allow 
the  cut  to  pass.  It  is  diffi-  . 
cult  to  turn  long  shafts  and 
have  them  remain  straight, 
even  if  the  spots  are  turned 
with  great  care.  When  the 
shaft  is  rolled,  its  surface  is  j-h..  «» 

more  or  less  under  tension,  and,  as  it  is  tiuned,  this  tension  is 
removed,  thus  allowing  the  shaft  to  spring  so  that  the  spot 
that  was  turned  true  when  the  shaft  was  rough  is  untrue  after 
it  is  turned. 

40.  Follower  Rest. — ^Another  method  of  supporting 
shafts  while  being  turned  is  by  the  use  of  the  follower  rest, 
as  shown  in  Fig.  26.  This  rest  is  bolted  securely  to  the  car- 
riage and  travels  with  it.  When  it  is  used,  a  cut  of  the  desired 
diameter  is  started  at  the  end  of  the  shaft.  As  soon  as  a 
spot  is  made  true,  the  two  jaws  c  are  carefully  adjusted  to 
the  work  w.  As  there  is  a  tendency  to  spring  the  shaft  away 
from  the  tool,  two  jaws  are  sufficient  to  support  the  work. 
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41.  Solid  Busliliigs. — ^Another  method  of  supporting 
the  work  is  by  means  of  the  foUower  rest  supplied  with  bush- 
ings, so  that  as  soon  as  the  end  of  the  shaft  is  turned,  it  enters 
a  rigid  bearing.  Such  a  follower  rest  is  shown  in  Fig.  27. 
Bushings  b  bored  to  different  diameters  are  used  for  different 
sizes  of  shafts.  This  style  of  follower  rest  gives  a  very  perfect 
support  for  the  shaft.  When  used,  the  tool  is  set  slightly 
in  advance  of  the  follower.  The  closer  the  tool  is  set  to  the 
follower  rest,  the  less  danger  there  is  of  its  chattering. 

42.  Special  Shafting:  Lathe. — ^When  much  shafting  is 
to  be  turned,  a  regular  shafting  lathe  is  used.    These  lathes 

have  very  long  beds  and  the  carriage  is 
fitted  with  a  shafting  turner,  which  con- 
sists of  a  follower  rest  with  bushings  to 
fit  around  the  shaft,  similar  to  that  shown 
in  Fig.  27.  It  also  has  two,  three,  or  tour 
tool  slides,  so  that  an  equal  number  of 
tools  may  be  used  to  cut  at  once.  When 
used,  two  or  three  roughing  tools  precede 
and  one  finishing  tool  follows  the  rest. 
The  shaft  is  thus  roughed  and  finished 
at  one  cut.       * 

43.     Straightening  Machines. 

After  the  shafts  are  turned,  they  are  apt 
to  be  crooked  from  the  release  of  the 
surface  tension.  They  are  straightened  on  a  regular  shafting 
straightener,  which  consists  of  a  number  of  conical  rolls  so 
arranged  that,  as  the  shaft  is  revolved  and  drawn  between 
them,  it  is  bent  and  straightened. 

44*  Straightening  Small  Work. — A  special  straight- 
ener is  not  always  necessary  to  straighten  a  shaft.  Small 
straightening  presses  may  be  used  for  bending  a  crooked 
shaft  to  make  it  strmght.  These  straightening  presses  are  so 
constructed  that  the  shaft  to  be  straightened  rests  on  two 
supports  from  1  to  3  feet  apart,  depending  on  the  size  of  the 
straightener.     An   arm   projects   from   behind   the   machine, 
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midway  between  the  points  erf  support,  and  over  the  shaft  m 
such  a  way  that  a  vertical  screw  may  be  used  for  pressing  the 
shaft  down.  The  shaft  to  be  straightened  is  supported  between 
the  centers  of  the  lathe,  and  while  revolving  slowly  is  marked 
with  chalk  on  the  high  side.  It  is  then  removed  from  the 
lathe  to  the  straightener  and  bent  sufficiently  to  make  it 
straight.  A  ntmiber  of  trials  may  be  necessary  to  make  the 
shaft  run  true.  If  the  bend  is  a  short  kink,  then  aU  the 
straightening  should  be  done  at  that  place;  but,  if  the  original 
crook  is  a  long  sweep,  the  work  should  be  straightened  by 
a  series  of  applications  of  the  press  along  the  work. 

46.  The  press  is  sometimes  supported  on  wheels  and  set 
directly  on  the  lathe  bed.  After  the  work  is  tested,  the  press 
is  moved  along  the  bed  to  the  crooked  place  on  the  shaft, 
and,  after  the  lathe  centers  are  loosened,  the  machine  is  used 
for  straightening  the  work.  If  a  press  is  not  at  hand,  a  shaft 
may  be  straightened  after  marking  by  taking  it  from  the 
lathe  and  resting  it  on  two  soUd  blocks  of  wood,  with  the 
marked  part  up  between  the  blocks.  A  third  block  is  placed 
on  the  shaft  between  the  supporting  blocks,  and  is  struck 
a  blow  with  a  hammer  or  sledge.  Care  must  be  taken  not 
to  deliver  too  heavy  a  blow,  or  the  work  will  be  more  crooked 
than  before. 

46.  Sometimes,  when  the  proper  straightening  devices 
are  not  at  hand,  slender  work  may  be  straightened  between 
the  lathe  centers;  but  such  practice  injuries  the  lathe  and 
should  not  be  used  except  in  special  cases.  The  work  is 
revolved  between  the  lathe  centers  and  the  high  side  marked. 
A  bar  or  lever  is  then  put  over  a  tool  in  the  tool  post  and 
under  the  work  in  such  a  way  that  when  the  lever  is  pushed 
down  by  hand  the  work  will  be  sprung  up.  By  turning  the 
work  so  that  the  marked  part  is  down,  it  can  be  so  sprung 
that,  after  a  nimiber  of  trials,  it  will  run  quite  true.  If  the 
bend  is  long  and  uniform,  it  can  be  straightened  by  simply 
bending  or  springing  the  bar  as  just  indicated.  If  the  shaft 
appears  to  have  a  short  bend,  while  either  side  of  the  bend 
appears  to  be  straight,  this  short  bend  can  be  taken  out  by 
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springing  up  the  shaft  with  the  lever,  as  described,  and  striking 
a  few  blows  with  the  hammer  on  a  piece  of  sheet  brass  or 
copper  placed  on  the  top  of  the  shaft  on  the  bent  part.  The 
hammering  should  be  light  at  first,  or  the  bar  will  be  bent 
as  badly  as  it  was  before,  but  to  the  opposite  side.  This' 
hammering  has  a  peening  action  that  tends  to  stretch  the 
shaft  slightly  on  the  side  struck. 

47.  Straightening  Lead  Screws. — Peening  is  sometimes 
used  for  straightening  large  or  long  lathe  lead  screws  after 

they  have  been  threaded,    A  special  tool 
is  used  for  peening  between  the  threads,  as 
shown  in  Fig.  28.     It  is  made  thin  at  its 
cr"'         ~1  edge,  so  that  it  will  go  loosely  between  the 
threads  down  to  the  root,  and  is  concave, 
so  that  it  fits  around  the  screw  for  a  short 
distance.     The  screw  is  tested  and  the 
,  untrue  spot  located.     The  high  part  is 
tiimed  down  and  sprung  up  with  the  lever 
at  the  bent  place,  and,  while  held  in  this 
'  *"  "                sprung  position,  a  few  of  the  spaces  be- 
tween the  threads  on  the  top  side  are  peencd  with  the  peening 
too!  and  a  hammer.     With  some  skill,  a  screw  that  is  badly  bent 
may  be  quickly  straightened.     This  method  of  straightening 
screws  will  not  do  when  the  pitch  of  the  lead  screw  must  be 
accurate,  because  it  will  stretch  the  screw  sUghtly.     For  ordi-   . 
nary  purposes,  however,  the  stretching  of  the  screw  caused  by 
slight  peening  would  scarcely  be  perceptible.     The  most  accu- 
rate lead  screws  are  always  straightened  without  peening,  iuid 
the  finishing  cut  is  taken  on  the  sides  of  the  threads  without 
disturbing  the  core.  

TURNING  WITH  A  BOTATING  TOOL 

48.  Occasionally,  work  must  be  done  that  requires  the 
turning  of  a  tnmnion,  or  projection,  on  a  lai^e  and  heavy 
casting.  If  such  a  casting  were  placed  in  the  lathe  and  rotated 
on  centers,  a  very  large  lathe  would  be  required  to  do  the 
work.     Fig.  29  illustrates  a  method  by  which  this  difficulty 
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has  been  successfully  overccHne.  The  casting  b  is  long  and 
heavy  and  is  supported  at  one  end  on  a  regular  carriage  a, 
and  at  the  farther  end  on  a  special  carriage  not  shown  in  the 
illustration.  The  work  requires  that  the  portions  c,  d,  and  e 
be  turned  to  three  different  diameters.  They  are  roughed 
by  a  tool  attached  to  the  special  ann  /  on  the  face  plate  g. 
After  the  three  diameters  have  been  roughed  out,  the  face 
plate  g  is  unscrewed  from  the  spindle  and  the  attachment  h. 


Pig.  29 
shown  in  the  foreground,  is  substituted  for  it.  This  attach- 
ment carries  hollow  mills,  as  shown  at  i.  The  mill  shown  at  i 
is  intended  for  finishing  the  portion  c,  and  after  this  portion 
is  finished  the  mill  shown  at  /  is  substituted  to  finish  the 
portion  d,  and  the  mill  shown  at  i  to  finish  the  portion  e. 
The  tool  or  mill  always  revolves  at  the  same  distance  from 
the  face  plate  or  end  of  the  spindle,  the  work  bemg  fed  into 
or  past  the  revolving  tool  by  means  of  an  ordinary  feed  on 
the  carriage  a. 
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49.  Ball  Turning. — To  turn  balls  in  engine  lathes, 
special  appliances  are  necessary  to  regulate  the  feed.  Fig.  30 
shows  such  an  arrangement  apphed  to  turning  a  large  cast- 
iron  ball  a  for  an  engine  bearing.  The  mandrel  b  is  supported 
on  the  lathe  centers  and  driven  by  drivers  on  the  face  plate  c. 
The  ball  is  made  in  sections  that  are  clamped  to  the  mandrel 
by  the  iron  bands  d.  The  tool  e  moves  in  a  circle  around  the 
work  while  the  work  rotates  with  its  axis  as  a  diameter  of 
the  circle  in  which  the  tool  revolves.    On  the  stationary 


table  /  the  rotating  drcular  table  g  is  pivoted  and  carries 
with  it  the  upright  h  that  supports  the  tool  post  ;  and  the 
tool  e.  At  k,  on  the  rotating  table  g,  is  a  wrought-iron  band 
that  is  fastened  by  capscrews  at  one  end  to  the  table.  The 
other  end  is  fastened  to  the  lathe  carriage  m,  and  as  the  lathe 
turns  the  carriage  is  fed  away  from  the  tailstock  toward  the 
end  of  the  lathe,  drawing  with  it  the  band  k  and  thus  rotating 
the  table  |  about  its  axis.  As  the  work  rotates  in  the  lathe 
the  tool  moves  around  it  in  a  circular  arc,  so  that  it  is  always 
at  the  same  distance  from  the  point  on  the  axis  that  is  the 
center  (rf  the  sphere.     On  smaller  work,  a  similar  method  is 
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used;  but  the  tool  is  carried  on  a  table  that  has  a  worm-wheel 
fastened  to  it  and  is  rotated  by  a  worm.  The  worm  may 
be  operated  by  hand  or  from  the  feed-mechanism  of  the  lathe. 

50.  Turning  a  Crank*Shaft. — One  method  of  hold- 
ing a  large  crank-shaft  in  a  lathe  while  turning  its  crankpins 
is  shown  in  Fig.  3.1.  The  crank-shaft  c  is  so  fastened  that 
the  center  line  of  the  crankpin  d  coincides  with  the  center 
line  of  the  lathe  spindle.  The  clamp  b  that  holds  one  end 
of  the  shaft  is  fastened  to  the  face  plate  a,  and  the  clamp  _/ 
that  holds  the  other  end  of  the  shaft  has  an  offset  center  g 
in  which  the  dead  center  *  of  the  lathe  fits.  The  counter- 
weight w  is  fastened  to  one  side  of  the  face  plate  to  balance 
the  weight  of  the  shaft.  TTie  crankpin  d  is  tiuned  while  the 
shaft  is  held  in  the  position  shown.     To  center  the  shaft  so 


as  to  turn  the  pin  e,  the  end  of  the  shaft  next  the  tailstock 
must  be  blocked  up,  the  clamp  b  loosened  from  the  shaft, 
and  the  dead  center  removed  from  the  clamp  /.  The  shaft 
is  then  rotated  till  the  center  k  on  the  clamp  /  comes  to  the 
dead  center,  when  the  center  is  moved  into  k  and  the  clamp  b 
made  fast  to  the  shaft.  The  centers  g  and  h  on  the  clamp  / 
hold  the  same  relation  to  one  another  and  to  the  shaft  as  do 
the  center  lines  of  the  crankpins.  When  the  shaft  is  fastened 
in  this  position,  it  is  ready  for  turning  the  crankpin  e. 

51.    Irfij-lng  Out  Centers  for  Turning  Crank-Shafts. 

The  process  of  locating  and  preparing  the  centers  for  a  solid 
crank-shaft  is  illustrated  in  Pig.  32  (a)  and  (b).  The  crank- 
shaft a  is  centered,  and  the  ends  are  turned  to  size  for  a  short 
distance,   to  receive  the  centering  blocks  e  and  to  fit  tJie 
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V  blocks  b.  The  shaft  is  then  placed  on  the  V  blocks  on  a 
surface  plate  and  the  centering  blocks  are  fastened  to  the 
finished  ends  in  line  with  the  crank-arms.  The  centering 
blocks  are  bored  to  a  good  fit  on  the  tiuned  ends  of  the  shaft, 
and  are  fastened,  so  that  they  cannot  slip,  by  the  setscrews  d, 
or  in  some  cases  by  keys.  The  shaft  is  then  rotated  until 
the  center  of  the  crankpin  is  the  same  distance  above  the 
surface  plate  as  the  center  of  the  shaft,  and  is  blocked  in  this 
position.  A  horizontal  line  across  the  end  of  the  shaft  through 
its  center  and  across  the  centering  blodc  e  is  then  drawn 
with  a  surface  gauge.  The  center  of  the  crankpLi  c  is  some- 
where on  this  line  and  can  be  laid  off  with  the  scriber  or  a 
pair  of  dividers  by  taking  a  length  equal  to  the  distance  from 
the  center  of  the  shaft  to  the  center  of  the  crankpin  and  laying 
it  off  from  the  center  of  the  shaft.  When  the  centers  are 
located  on  both  ends,  they  are  drilled  and  countersunk.  The 
shaft  is  then  ready  for  the  lathe  and  all  the  lathe  work  can 
be  completed  on  the  shaft  itself,  on  the  crankpin,  and  on  the 
crank-arms.  The  shaft  is  turned  and  the  sides  /  of  the  crank- 
arms  are  faced  when  the  work  is  on  the  centers  in  the  ends 
of  the  shaft.  TTie  work  is  then  moved  to  the  centers  for 
the  crankpin  c,  which  are  laid  off  on  the  centering  blocks  e. 
The  crankpin  is  now  turned,  and  the  sides  g  of  the  crank -anns 
are  faced.  If  the  crank-arms  are  circular  disks,  they  may 
be  turned  on  the  outside  with  a  center  midway  between  the 
other  two  centers. 

52.  Cams. — Though  usually  made  on  the  milling  machine, 
cams  may  sometimes  be  turned  in  a  lathe.  A  tcmpkt  is 
made  with  the  same  outline  the  cam  is  to  have  when  finished, 
and  fastened  to  the  cam-blank.  The  screw  in  the  cross-slide 
is  removed  so  that  the  tool  slide  is  free  to  move  back  and 
forth  across  the  lathe  saddle.  A  weight  holds  the  tool  against 
the  work  as  it  revolves  with  the  templet.  The  tool  is  kept 
in  the  correct  position  by  a  stop  that  slides  on  the  templet. 
This  stop  causes  the  tool  slide  to  move  in  and  out  across  the 
lathe  carriage  as  the  stop  follows  the  outline  of  the  templet. 
This  process  is  not  very  rapid,  but  it  will  cut  cams  as  accurate 
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as  the  templet  can  be  made.  Other  irregular  shapes,  suet 
as  machine  hE£ndles,  may  be  turned  by  making  a  templet 
and  fastening  it  to  the  taper  bar.  The  travd  of  the  carriage 
will  then  cause  the  tool  slide  to  move  the  tool  in  such  a  way 
as  to  turn  the  desired  shape. 

53.  Taming  Ovals. — In  turning  circular  work  in  the 
lathe,  the  distance  between  the  center  of  the  work  and  the 
point  of  the  tool  remains  constant.  By  referring  to  Fig.  33, 
it  will  be  seen  that  H  abed  represents  a  circle  with  the  center 
at  0,  and  that  if  the  tool  were  located  at  a,  that  as  the 
work  revolved  and  b  approached  a,  so  long  as  the  distance 
from  the  center  o  remained  constant  the  work  would  be 
turned  to  a  circular  form;  but 
if  by  any  means  the  center  o 
could  be  made  to  approach 
the  point  a  as  the  work  re- 
volved during  one-quarter  of 
a  revolution,  recede  from  it 
during  the  next  quarter,  ad- 
vance during  the  third 
quarter,  and  recede  during 
the  fourth  quarter,  it  would 
be  possible  to  turn  an  oval. 
For  instance,  if,  while  the  por- 
'"*■ "  tion  of  the  work  from  a  to  6 

were  passing  the  tool  at  a,  the  center  of  the  work  o  could  be 
moved  toward  the  circumference  a  distance  equal  to  be,  the  tool 
would  cut  along  the  curve  a  e  of  the  ellipse  a  e  cf.  This  is 
accomplished  in  a  chuck  for  turning  ovals  by  arranging  a 
slide  across  the  face  plate  and  so  adjusting  the  parts  that  it 
will  move  the  work  in  or  out  across  the  face  plate  so  as  to 
produce  the  desired  oval. 

64.  An  attachment  for  turning  ovals  is  illustrated  in  F^.  34, 
where  it  is  shown  attached  to  an  ordinary  lathe  headstock. 
The  work  is  secured  to  the  plate  a,  or  held  in  the  chudt  on 
a  threaded  spindle  b.  Back  of  the  plate  a  there  are  two 
slides  c  and  e  at  right  angles  to  each  other.    The  disk  d  has 
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a  long  projection  that  reaches  through  and  is  attached  to 
the  regular  lathe  spindle  of  the  headstock.  The  disk  d  acts 
as  a  driver  for  the  plate  a,  the  driving  being  done  by  means 
of  the  slide  c.  The  slide  e  is  secured  by  guides  to  the  slide  c, 
and  is  turned  out  on  the  side  toward  the  headstock  to  receive 
a  ring  that  is  carried  on  the  piece  /.  When  the  center  of 
this  ring  is  made  to  coincide  with  the  center  of  the  lathe 
spindle,  the  plate  a  and  spindle  b  rotate  as  in  an  ordinary 
lathe;  but  if  the  piece  /  is  moved  across  the  lathe  by  means 
of  the  adjusting  screws,  one  of  which  is  shown  at  h,  the  ring 
attached  to  it  will  force  the  slide  e  to  travel  back  and  forth 


across  the  attachment  as  the  work  revolves,  and  this  will 
cause  the  center  of  the  plate  a,  and  with  it  the  work,  to  move 
back  and  forth,  first  away  from  and  then  toward  the  center 
of  the  lathe  spindle  proper.  The  result  will  be  that  an  ellipse 
similar  to  that  shown  at  ae  cf.  Fig.  33,  will  be  turned. 

55.  The  amount  that  the  slide  /,  Fig.  34,  is  moved  deter- 
mines the  amount  of  eccentricity  of  the  ellipse;  that  is,  the 
amount  shown  by  the  line  6  e.  Fig.  33.  The  block  g,  Fig.  34, 
is  bolted  fast  to  the  front  of  the  headstock.  In  the  form  of 
c^uck  shown  the  plate  a  is  provided  with  a  screw  i,  and  worm- 
teeth  are  cut  for  a  short  distance  at  the  top  of  the  plate.  By 
means  of  these  worm-teeth  and  the  screw  i,  the  plate  a  can 
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be  adjusted  slightly  in  relation  to  the  mechanism  operating  it. 
This  device  will  be  found  very  useful  in  resettii^  work  in 
the  chuck,  as  it  serves  to  bring  the  work  in  line  with  the  ellipse 
generated  by  the  mechanism.  This  form  of  device  is  very 
handy  for  turning  elliptical  dies  and  punches,  such  as  are 
used  by  jewelers,  silversmiths,  electrical-instrument  manu- 
facturers, and  others. 

riNtSHmO  LATHE  WORK 


FILING    AND    SCBAPINO 

56.  Files  for  Lathe  Work.— Lathe  work  that  is  to  be 
]K)Hshcd  should  be  finished  with  a  very  smooth  finishing  cut, 
after  which  it  may  be  made  smooth  by  filing,  or,  if  it  is  cast 
iron,  by  scraping.  Just  enough  filing  or  scraping  is  done 
to  remove  the  tool  marks.  The  files  used  for  this  purpose 
are  suitable  sizes  of  smooth  and  dead-smooth  double-cut 
files,  single-cut  mill  files,  and  circular-cut  files  of  the  finer 
grades. 

57.  Care  of  Files. — The  file  selected  for  filing  lathe  work  * 
should  be"  examined  to  see  that  the  spaces  between  the  teeth 
are  clear  and  tree  from  pins,  which  are  small  bodies  of  iron 
or  steel  that  have  been  torn  from  the  stock  being  filed  and 
have  become  wedged  tightly  between  the  teeth.  If  the  file 
is  dirty,  a  file  card  or  brush  having  fine  wires  instead  of  bristles, 
is  used  to  remove  the  dirt  by  brushing  vigorously  crosswise 
in  the  direction  of  the  teeth.  If  the  file  card  fails  to  remove 
any  pins  that  may  be  in  the  file,  they  must  be  picked  out 
separately  mth  the  point  of  a  scriber  or  a  similar  sharp  tool. 
A  piece  of  sheet  brass  or  copper  3  or  4  inches  long  and  from 

i  to  i  inch  wide  may  be  used  very  effectively  to  remove  dirt 
or  pins  by  pushing  it  crosswise  along  the  file  teeth.  The  file 
teeth  cut  shallow  grooves  in  the  soft  metal  and  the  teeth  so 
formed  remove  most  of  the  dirt  and  pins.  The  file  is  then 
oiled  evenly  on  both  sides,  usually  with  machine  oil,  and 
\vijH;d  fairly  drj-  with  waste.     Some  workmen  omit  the  oil 
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and  simply  rub  the  whole  of  the  cutting  surfaces  with  chalk 
to  prevent  metal  from  sticking  between  the  teeth. 

58.  Bpeed  of  Work  for  Filing.— The  work  to  be  filed 
in  a  lathe  should  be  run  at  a  speed  about  double  that  used 
for  turning  with  carbon-steel  tools,  or  somewhat  more.  How- 
ever, if  the  file  is  brought  against  a  piece  revolving  at  an 
excessive  speed  the  points  of  the  teeth  are  soon  worn  away. 
When  the  work  is  small  in  diameter,  it  may  be  nm  at  quite 
a  h^h  number  of  revolutions,  so  that  in  making  one  stroke 
of  the  file,  the  work  will  make  a  number  of  revolutions.  This 
action  is  desirable  when  an  attempt  is  being  made  to  keep 
the  work  true.  It  is  diffi- 
cult to  file  the  same  amount 
from  every  point  along  the 
work,  because  one  part  of 
the  work  will  be  filed  more 
than  another,  with  the  re-  |_ 
suit  that  the  longer  the  C^t}_ 
filing  operation  is  con- 
tinued, the  more  untrue 
the  work  becomes. 

59.  Position  of  Pile. 

When  filing,   the  point  of 
the  file  should  be  held  to 

the  right  so  that  it  is  at  an  angle  to  the  work,  as  shown  in 
Fig.  35.  While  held  in  this  position,  the  file  is  moved  squarely 
across  the  work,  as  shown  by  the  arrow,  although  it  appears  as 
if  it  were  moving  toward  the  left.  The  file  is  held  in  this 
angular  position  so  that  its  teeth  will  take  a  shearing  cut  on 
the  cylindrical  surface,  which  prevents  chattering  and  the  form- 
ing of  pins  in  the  file.  The  workman  changes  the  angle  of  the 
file  according  to  judgment,  guided  by  his  sense  of  feeling.  If 
the  file  has  a  tendency  to  chatter,  he  changes  the  angle  until  it  ' 
cuts  smoothly.  The  circular-cut  file,  however,  works  best  when 
held  and  moved  squarely  across  the  work ;  at  the  same  time 
a  slight  horizontal  circxJar  movement  is  given  to  the  elbow  of 
the  arm  holding  the  file  handle. 

2S8— 19 
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60.  Even  Filing. — When  the  work  is  large  in  diameter, 
it  will  be  necessary  to  run  it  at  a  lower  number  of  revolutions 
per  minute.  Suppose  that  the  rate  of  file  strokes  is  one  a 
second,  and  the  rate  of  revolutions  of  the  work  the  same. 
Then,  for  one  stroke  of  the  file  forwards,  the  work  will  make 
half  a  revolution,  and  it  will  be  filed  half  around  its  circum- 
ference. While  the  file  is  being  drawn  back  for  the  second 
stroke,  the  work  begins  its  second  revolution,  and  the  file 
again  cuts  half  of  the  circumference  of  the  work.  It  will  also 
be  on  the  same  side  of  the  work.  In  this  case,  the  file  has 
cut  twice  on  one  side  of  the  work,  and  has  entirely  skipped 
the  opposite  side.  This  will  be  continued  as  long  as  the  rate 
of  file  strokes  and  revolutions  of  the  work  are  the  same.  It 
may  be  seen  from  this  that  to  keep  the  work  nearly  true,  the 
file  strokes  should  be  slow  enough  to  allow  the  work  to  make 
a  number  of  revolutions  for  each  stroke  of  the  file.  If  the 
work  is  large,  like  a  piUley,  the  file  is  held  nearly  stationary 
as  the  work  revolves  and  just  enough  forward  movement  is 
given  to  avoid  bringing  all  of  the  wear  in  one  place  on  the 
file.  If  wrought  iron  or  steel  is  being  filed  in  the  lathe  and 
the  workman  finds  the  file  filling  up,  he  rubs  his  thumb  and 
finger  over  the  flat  sides  of  the  file  to  loosen  the  filings  and  raps 
the  edge  of  the  file  Ughtly  on  the  shank  of  a  tool  held  in  the 
tool  post  to  jar  the  filii^  out.  If  they  still  stick  tightly,  he 
uses  the  file  card. 

61.  Scraping  Tnrned  Cast-Iron  Surfoces. — Flat  and 
irregular  turned  cast-iron  surfaces  are  prepared  for  polishing 
by  scraping  with  a  round-nosed  hand  tool.  Such  a  tool  is 
usually  made  from  a  worn-out  flat  file,  and  may  be  made 
right  hand  or  left  hand  and  of  any  convenient  size,  A  flat 
surface  is  scraped  in  the  lathe  by  clamping  a  tool  in  the 
tool  post  so  that  its  shank  will  be  close  to  and  parallel 
with  the  surface.  The  work  is  speeded  about  the  same  as 
for  filing  and  the  hand  tool  is  rested  on  the  tool  and  brought 
lightly  in  contact  with  the  work.  The  hand  tool  is  then 
moved  along  the  rest  to  remove  a  shght  thickness  of  metal. 
This  process  is  repeated  until  the  surface  is  as  smooth  as 
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required.  Irregular  surfaces  are  treated  in  a  like  manner. 
Very  smooth  work  may  be  produced  in  this  way,  after  a 
little  practice.  

POUfiHINO 

62.  Use  of  Emery  Cloth. — After  the  tool  marks  have 
been  removed  by  filing  or  scraping  the  piece  is  treated  with  a 
coarse  emery  cloth,  well  oiled,  which  will  remove  the  file  marks, 
after  which  a  finer  grade  of  emery  is  used  until  the  coarser 
emery  marks  have  been  removed,  and  so  on,  using  finer  grades 
of  emery  imtil  the  desired  polish  is  obtained.  Emery  cloth 
should  be  pressed  quite  hard  against  the  work  by  a  polishing 
stick,  which  is  passed  over  the  tool  rest  of  the  lathe  and  under 
the  work,  the  emery  cloth  being  held  between  the  stick  and  the 
work.  By  pressing  down  on  the  outer  end  of  the  stidc,  the  emery 
cloth  can  be  brought  with  suflUcient  pressure  against  the  work. 
The  stick  shoiild  be  handled  so  that  it  will  move  back  and  forth 
on  the  work,  so  that  the  lines  cut  by  the  particles  of  emery  will 
be  constantly  crossing  and  recrossing  one  another.  Oil  should 
be  supplied  to  both  the  work  and  the  emery,  in  a  quantity 
sufficient  to  keep  the  surface  moistened,  but  not  in  such  excess 
that  it  will  be  thrown  from  the  machine. 

63.  Speed  for  Polishing. — ^A  higher  speed  is  used  for 
polishing  than  for  filing.  The  higher  the  speed  the  better, 
provided  the  work  and  the  machine  are  balanced  so  that 
the  high  speed  does  not  shake  the  machine  too  much. 

64.  Care  of  Centers. — When  a  piece  of  work  is  being 
polished,  enough  heat  may  be  generated  to  cause  it  to  expand 
along  its  entire  length.  If,  in  the  first  place,  the  dead  center 
has  been  made  fairly  tight,  it  wiU  cut  and  stick  in  the  end 
of  the  work,  the  oil  having  been  biomed  out,  and  will  be  twisted 
off.  This  should  be  carefully  guarded  against  by  keeping  the 
centers  free  and  well  oiled. 

66.  Finishing  Polished  Snpfftce. — When  the  piece 
is  nearly  finished,  the  pressure  of  the  emery  is  reduced  and 
the  movement  along  the  length  of  the  work  is  slower.    For 
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the  finest  grades  of  polish,  fine  crocus  doth  is  used  and  still 
finer  polishes  are  produced  by  employing  rottenstone.  Not 
much  machine  work  is  carried  to  the  perfection  of  polish 
that  requires  crocus  cloth  or  rottenstone  for  finishing.  A 
very  high  polish  may  be  obtained  by  using  a  much  worn 
piece  of  No.  0  or  00  emery  cloth.  Grain  emery  is  dtea  used 
on  the  speed  lathe  in  the  place  of  emery  doth ;  but  this  should 
be  done  only  on  a  lathe  used  exdusively  for  polishing.  Bare 
wood,  or  pieces  of  lead  on  the  face  of  the  wood,  is  used  to  hold 
the  emery  against  the  work.  The  partides  of  emery  embed 
themselves  in  the  soft  wood  or  in  the  lead,  and  so  are  held  from 


being  thrown  from  the  work.  Oil  is  used  as  before.  If  the  use  of 
loose  emery  is  necessary,  the  V's  and  bearings  of  the  engine  lathe 
should  be  well  covered,  as  they  will  be  injured  by  the  emery. 

66.  Polishing  Clajnp. — For  plain  cylindrical  work,  a 
very  convenient  and  effective  way  of  holding  the  emery  against 
the  work  is  brought  about  by  fastening  two  pieces  of  wood 
together  at  the  end  with  a  leather  hinge.  The  two  indde  faces 
of  the  pieces  are  cut  out  at  a  short  distance  from  the  hinged 
end,  so  that  they  will  fit  over  the  shaft,  as  shown  in  Fig.  36. 
By  pressing  the  outer  ends  together,  considerable  pressure 
is  brought  against  the  shaft.  Either  emery  doth  or  grain 
emery  may  be  used  with  this  device. 
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ERRORS  IN  LATHE  WORK 


CAOSE8    OF    EBBOB 

67.  The  chances  for  error  in  machine  work  are  numerous. 
No  sooner  is  one  difficulty  overcome  than  another  appears. 
The  workman  must  never  take  anything  for  granted  regarding 
the  accuracy  of  a  machine  or  the  work  it  is  producing  imtil 
he  has  made  sure  that  alt  is  right  by  a  personal  investigation. 
Even  then  he  must  be  on  the  watch,  or  unexpected  errors 
will  creep  in.  These  sm^  errors  that  occur  in  lathe  work* 
become  more  nimierous  and  troublesome  as  the  degree  of 
accuracy  is  increased.  Things  that  would  not  be  noticeable 
in  an  ordinary  line  of  work  become  very  important  in  acciuate 
work.  Error  in  cylindrical  turning  may  be  caused  by  spring 
of  the  tool,  spring  of  the  work,  or  inaccurate  adjusWient  of 
the  machine. 

HPBINO    OP    LATHE    TOOIS 

68.  Causes. — The  amount  that  the  tool  will  spring 
depends  on  the  position  it  holds  in  relation  to  the  work;  on 
the  rigidity  of  the  tool ;  on  the  closeness  of.  fit  between  the  tool 
block  and  the  slide;  on  the  stiffness  of  the  shank  of  the  tool; 
and  on  the  shape  of  the  tool. 

69.  Position. — When  the  -point  of  a  tool  is  set  above 
the  center  of  the  work,  as  it  bends  in  its  shank  the  point  tends 
to  follow  in  an  arc  of  a  circle  drawn  about  the  bending  point. 
If  this  arc  cuts  into  the  work,  the  tool,  following  in  that  path, 
will  spring  deeper  into  the  work.  If  the  tool  is  so  located 
that  when  it  bends  or  springs  the  arc  moves  away  from  the 
wcwk,  then  the  tool  will  spring  away  from  the  work.  It 
would  therefore  seem  that  the  best  place  to  set  the  point  of 
the  tool  would  be  level  with  the  center,  so  that,  if  the  tool 
springs,  it  will  not  spring  into  the  work.  A  tool  properly 
shaped  tor  this  position  would  have  very  little  front  rake, 
and  its  keenness  would  be  given  entirely  by  increasing  the 
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angle  o£  top  rake.  Such  a  tool  is  absolutely  reqioired  for 
taper  turning;  but  for  ordinary  tumii^  other  conditions  arise, 
making  it  objectionable.  When  this  tool  is  used,  the  total 
force  acting  on  it  is  in  a 
r  direction  tangent  to  the 
diameter  of  the  work  at 
the  point  of  the  tool. 


70.  When  a  tool  with- 
out front  rake  is  used,  the 
force  will  be  directly  down, 
or  perpendicular  to  the  top 
of  the  lathe  bed,  in  the 
direction  of  the  arrow  D  C, 
Fig.  37.  As  increased  front  rake  is  given  to  the  tool  and  it  is 
set  higher  on  the  work,  the  line  of  force  changes  its  direction, 
so  that  if  the  front  rake  is  30°,  the  force  acting  against  the 
point  of  the  tool  atO'  will  be  in  the  direction  of  the  arrow  BA. 
When  the  force  on  the  tool  is  in  the  direction  of  the  arrow  BA, 
it  tends  to  force  the  tool  block  back  from  the  work;  this  causes 
some  pressure  on  the  cross-feed  screw.  If  the  tool  had  still 
more  front  rake  and  were  set  higher,  the  pressure  on  the  cross- 
feed  screw  would  increase;  and  if  the  tool  could  be  set  as  high 
as  the  point  0".  the  force  of  the  cut  would  be  in  the  direction 
of  the  lineF£,  which  would  be  entirely  against  the  cross-feed 
screw.  This  pressure  against  the  cross-feed  screw  is  very 
desirable.  It  holds  the  tool  block  back  and  takes  up  the  lost 
motion  that  may  be  in  the 
screw,  so  that,  when  an  ad- 
justment is  being  made,  any 
partial  turn  of  the  screw  at 
once  acts  in  moving  the  tool 
block.  It  also  allows  the 
tool  to  be  held  in  such  a 
position  that  there  is"  little 
danger  that  the  pressure  of  the  shaving  on  the  top  face  of  the 
tool  will  pull  the  tool  and  tool  block  forwards,  thus  taking  up 
the  lost  motion  in  the  cross-feed  screw. 
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71.  From  Fig.  38  will  be  seen  that  when  a  tool  is  set  at 
the  center  and  ground  with  much  top  rake,  the  pressure  of 
the  shaving  on  the  top  face  is  in  the  direction  of  the  arrow  a. 
This  direction  is  so  nearly 
parallel  to  the  line  of  the 
cross-slide  that,  if  the  slide 
is  loose  or  the  screw 
lost  motion,  the  tool  will 
tend  to  slide  into  the  cut. 
If  the  tool  is  set  higher, 
this  force  on  the  top  face 
is  in  the  direction  shown 

in  Fig.  39,  and  there  is  little  tendency  to  drag  the  tool  into 
the  cut.  Practice,  therefore,  has  settled  on  tools  with  a  fair 
amount  of  front  rake,  which  allows  them  to  be  set  above  the 
center  of  the  work,  and  gives  the  desired  pressure  against 
the  cross-feed  screw. 


72.  Variations  In  Depth  of  Cut. — If,  in  turning  a 
piece,  an  attempt  is  made  to  finish  the  work  very  close  to 
size  with  the  first  cut,  leaving  a  very  hght  cut  for  the  last, 
the  following  results  may  ensue:  The  tool  is  started  and  the 
_,      _  cut   taken  for  a  short 

.  V*-i  distance,  and  by  a  series 

of  fine  cuts  the  work  is 

(     T^  -^     "1  brought  to  the  desired 

S__L^  'Si_S  diameter  shown    at  a. 

Fig.   40.     The   feed 


7\ 


Y 


thrown  in  and  soon  the 
tool  starts  in  the  heavy 


cut.     As  ■ ; 


the 


heavy  pressure  comes  on 

the  tool,  it  springs  and 

takes  a  still  heavier  cut. 

The  piece  is  thus  turned 

smaller  in  diameter,  as  shown  by  the  dotted  lines,  and  in  many 

cases  may  be  made  below  the  desired  size.     This  is  one  reason 

why  at  least  ^  inch  should  be  left  for  finishing. 
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73.  In  another  case,  a  casting  or  a  forging  has  a  large 
lump  on  one  side,  as  in  Fig.  41,  and  this  must  be  turned  off. 
Because  of  the  form  of  the  work,  -the  shaving  will  be  of  differ- 
ent thicknesses,  and  consequently  there  will  be  different  pres- 
sures on  the  tool,  which  will  thus  be  caused  to  spring  to  various 
depths  in  the  work,  with  the  result  that  the  piece  will  be 
neither  round  nor  true,  and  that  a  second  finishing  cut  will 
be  necessary. 

74.  Reducing  Eiror   Due   to  Spring  of  Tool. — The 

possibilities  of  error  due  to  the  springing  of  the  tool  are  guarded 
against  by  using  tools  with  heavy  shanks, 
clamping  the  tool  very  close  to  the  cut- 
ting edge,  and  in  adjusting  the  tool 
block  so  that  there  is  no  lost  motion 
the  slide.  With  these  precautions, 
work  may  be  performed,  so  far  as  the 
tool  is  concerned,  with  sufficient  accu- 
racy for  all  ordinary  machine  construc- 
tion. In  discussing  the  spring  of  the 
tool,  it  has  been  assumed  that  the  work 
"°' "  was  very  rigid,  so  that  all  the  spring 

occurred  in  the  tool.     The  tool,  however,  must  not  be  held 

responsible  for  all  error,  as  much  is  caused  by  the  sprii^  of 

the  work. 

8PRINO    OP    THE    WORK 

75.  Effect  of  Weight  of  Work  on  Spring. — Any  action 

that  may  cause  the  work  to  bend  or  deflect  so  that  its  aids 
is  not  a  straight  line  will  cause  the  work  to  be  untrue.  If 
the  piece  is  short,  and  its  diameter  great,  the  spring  is  less 
than  when  the  work  is  long  and  slender.  In  long  pieces,  the 
weight  of  the  piece  between  the  center  is  sufficient  to  demand 
attention. 

76.  Effect  of  Force  of  Cut  on  Spring. — ^The  force 
reqiured  to  tiun  a  shaving  acts  against  the  tool,  tending  to 
spring  it  down,  and  reacts  in  the  opposite  direction,  tending 
to  bend  or  spring  the  work  up.     When  the  tool  is  starting 
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at  the  end  of  the  wwk,  there  is  less  deflection  than  when  it 
has  reached  the  center.  If  a  bar  is  supported  at  the  two 
ends  and  a  load  applied  at  the  center,  it  will  deflect  more 
than  if  the  load  is  applied  very  near  the  ^ds.  Because  of 
this  great  deflection  at  the  center  of  the  work,  the  tool  cannot 
cut  so  deeply;  consequently,  the  work,  when  turned,  will  be 
larger  at  the  center  than  at  the  ends.  This  error  must  be 
corrected  by  taking  very  light  finishing  cuts,  or,  in  the  case 
of  long  slender  pieces,  the  work  must  be  supported  by  the 
use  of  steady  rests. 

SPBINO    DUB    TO    METHOD    OF    DRIVING 

77.     Action   of   Bent-Tail   Dog    In   Springing   Work. 

Probably  as  much  spring  in  cylindrical  work  is  produced  by 
imperfect  methods  of  driving  or  rotating  the  work  in  the 
lathe  as  in  any  other  way.  The  ordinary  bent-tail  dog  so 
commonly  used  produces  a  variety  of  strains  in  the  work, 
some  of  which  are  constant  and  some  variable.  All,  however, 
tend  to  distort  the  work.  These  forces  may  be  considered 
separately.    First,  there  is  a  leverage  from  the  point  of  the 


live  center.  The  amount  of  this  leverage  depends  on  the 
length  of  the  live  center.  This  is  shown  in  Fig.  42,  which 
represents  a  side  view  of  a  piece  of  work  between  the  centers. 
The  tail  of  the  dog  is  at  the  back  of  the  machine.  Suppose 
the  tailstock  end  b  of  the  piece  to  be  clamped  rigidly  so  that 
it  cannot  turn.  If  power  is  applied  to  the  lathe  the  work 
will  tend  to  turn  toward. the  operator  in  the  direction  of  the 
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arrow  c;  but  as  it  cannot,  the  piece  is  put  under  such  a  strain 
that  it  springs.  The  leverage  is  represented  by  the  distance  a 
that  the  lathe  center  projects  beyond  the  face  plate.  The 
force  of  the  face  plate,  which  tends  to  lift  the  tail  of  the  lathe 
dog,  acts  from  the  point  of  the  center  as  a  fulcrum  and  tends 
to  bend  the  work  down,  as  shown  by  the  dotted  lines.  If 
the  lathe  center  were  longer,  there  would  be  a  greater  force 
tending  to  spring  the  work  because  of  the  increased  length 
of  leverage  a. 

78.  When  the  tool  begins  to  cut  at  the  end  b,  Fig.  42,  the 
resistance  of  the  cut  at  this  point  acts  the  same  as  if  the  work 

were  clamped  at  this 
end  as  just  described. 
The  effect  is  the  same, 
though  not  so  great, 
as  clamping  the  end; 
for  with  a  tool  the 
strain  can  never  be 
greater  than  that  re- 
quired to  cut  the 
shaving.  As  the  torf 
feeds  along,  this  re- 
sisting point  ap- 
proaches the  point  of 
the  live  center  or  the 
fulcrum  from  which  the  work  bends.  The  result  is  that  the 
amount  of  spring  of  the  work  will  change.  There  is  thus  a 
changing  force  tending  to  spring  the  work ;  this  force  depends 
on  the  position  of  the  tool  along  the  work. 

79.  Suppose  that,  in  another  case,  the  tool  is  cutting 
in  a  position  midway  along  the  length  of  the  work,  A  section 
through  the  work  is  taken  at  this  point,  as  shown  in  Fig.  43. 
This  shows  the  tool  at  the  front  with  the  tail  of  the  dc^ 
diametrically  opposite.  As  the  work  revolves  toward  the 
ojKrator  in  the  direction  of  the  arrow,  the  force  required  to 
turn  the  shaving  is  made  with  an  upward  pressure  (rf  the 
tool,  which  tends  to  spring  the  work  up  in  the  direction  of 
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the  arrow  A  B.  The  force  required  to  revolve  the  work  tends 
to  spring  the  work  down,  as  the  dog  is  at  the  back  of  the 
lathe,  and  the  forces  act  as  shown  in  Fig.  42.  In  this  case, 
there  are  two  forces  tending  to  spring  the  wcffk  in  opposite 
directions  and  to  balance  each  other;  namely,  the  force  of 
the  cut  and  the  pressure  on  the  lathe  dog. 

80.  When  the  work  makes  half  a  revolution  so  that  the 
tail  of  the  dog  is  at  the  front,  as  in  Pig.  44,  the  force  of  the  cut 
will  act  in  an  upward 
direction  AB  a&  be- 
fore; but  the  pressure 
on  the  tail  of  the  dog 
will  be  now  in  the 
same  direction. 
Hence,  there  will  be 
two  forces,  both  tend- 
ing to  spring  the  work 
up.  In  the  first  case, 
it  is  the  difference  of 
the  forces  that  tends 
to  spring  the  work. 
In  the  second  case, 
the  sum  of  the  forces 
acts  to  spring  the  work  up.  Here,  again,  because  of  the 
varying  forces,  various  degrees  of  deflection  occur. 

When  a  straight-tailed  dog  and  a  driving  pin,  as  shown 
in  Fig.  45,  are  used,  the  conditions  are  reversed,  the  effect 
of  the  leverage  of  the  bent-tailed  dog  being  entirely  eliminated, 
so  that  when  the  dog  is  at  the  back,  both  forces  tend  to  spring 
the  work  up,  and  when  the  dog  is  at  the  front,  the  two  forces 
are  opposite  and  tend  to  balance  each  other. 


COBBECT    METHOD    OF    DBITINO 

81.  straight-Tailed  Dogs.— Fortunately,  the  com- 
plicated strains  arising  from  the  ordinary  methods  of  driving 
the  work  may  be  eliminated  by  changing  the  driving  devices. 
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The  distortion  shown  in  Fig.  42  may  be  remedied  by  using 
a  straight-tailed  dog  aJid  a  driving  pin  in  the  fa<»  plate,  as 
shown  in  Fig.  45.  A  joint  is  thus  obtained  between  the  pin 
and  the  dog,  which  brea}cs  the  leverage  a,  Fig.  42,  and  so 
eliminates  the  bending  strain. 

82.  The  variable  forces  represented  in  Figs.  43  and  44 
may  be  balanced  by  using  a  two-tailed  dog  and  two  driving 
pins  in  the  face  plate,  as  shown  by  Fig.  46.  When  the  work 
is  thus  driven,  the  two  forces  at  the  ends  of  the  dog  balance 
each  other,  and  the  only  force  remaining  that  tends  to  spring 


the  work  is  the  upward  force  of  the  tool.  If  the  pressures 
at  the  ends  of  the  dog  do  not  balance,  the  same  trouble  that 
is  found  with  the  single-tailed  dog  will  appear. 

83.  Great  care  is  necessary  in  adjusting  the  driving  pins 
in  the  face  plate  so  that  the  same  pressure  will  be  brought 
gainst  each  pin.  In  some  instances  this  may  be  accomplished 
by  moving  one  of  the  pins  in  the  slot  of  the  face  plate  in  or 
out  from  the  center.  As  the  tail  of  the  dog  and  the  slots 
.  in  the  face  plate  are  not  parallel,  moving  the  pin  toward  the 
center  will  bring  it  against  the  dog.  and  moving  it  from  the 
center  will  move  it  away  from  the  dog.  The  pressure  on 
the  pins  may  be  tested  with  pieces  of  paper  put  between 
the  dog  and  the  pins.  The  work  is  turned  backwards  by 
hand  on  the  centers,  to  hold  the  dog  against  the  pins,  and 
the  paper  is  tested  by  pulling.  Any  inequality  in  pressure 
may  thus  be  detected. 
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84.  Equalizing  Dogs. — Instead  of  adjusting  the  pins 
each  time,  an  equalizing  dog,  Fig.  47,  may  be  used.  In  this 
case,  the  dog  is  adjusted  to  the  pins  by  tightening  or  loosening 
the  clamp  screws  a  and  b,  as  may  be  necessary. 
Although  it  is  very  desirable  to  drive  the  work  by 
the  methods  described,  the  difiiculty  in  adjusting 
the  dogs  and  the  uncertainty  that  they  will  re- 
main as  adjusted  do  not  warrant  their  general 
use.  When  some  device  can  be  used  that  will 
automatically  balance  or  equalize  the  pressure  on 
the  pins,  this  method  becomes  more  practicable. 
Many  forms  of  equalizing  dogs  have  been  devised. 
They  serve  better  for  small  than  for  large  work. 

85.  A  very  convenient  and  successful  method 
of  equalizing  the  pressure  on  the  pins  when  the 
two-tailed  dog  is  used,  is  by  means  of  the  equalizer 
or  driver  shown  in  Fig.  48.     This  consists  of  a        *^'°' " 
plate  carrying  the    driving  pins  p.    The   plate  is    fastened 
loosely  to  the  front  face  -of  the  face  plate  by  means  of  bolts 

or  studs  screwed  solidly  into  the  face 
plate  but  fitting  loosely  in  the  long  slots  s 
in  the  driver.  The  studs  keep  the  driver 
from  slipping  around  on  the  face  plate, 
but  give  it  freedom  to  move  a  distance 
along  the  slots  equal  to  their  length.  Sup- 
pose, in  use,  the  greater  pressure  of  the 
dog  first  comes  against  the  top  pin.  The 
pressure  would  force  the  entire  driver  back, 
which  would  slide  the  lower  pin  up  to  the 
dog.     As  soon  as  the  pressures  balanced 

each  other,  the  plate  would  stop  sliding  and  continue  to  keep 

up  the  equilibrium. 


ERRORS    IN    MACHINE 


86.  Poor  Adjustment. — Imperfect  work  may  often 
be  traced  to  the  poor  adjustment  of  the  machine  or  to  the 
fact  that  the  machine  is  much  worn.     When  the  lathe  is  in 
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this  last  condition,  it  will  be  noticed  that  the  spindle  is  slightly 
out  of  line  with  the  bed  and  that  it  will  neither  bore  holes 
straight  nor  face  surfaces  true.  A  great  deal  of  wear  comes 
on  the  lathe  bed  at  a  part  quite  near  the  headstock,  because 
the  greater  part  of  the  work  turned  on  the  lathe  is  short,  and 
the  carri^^  moves  over  this  part  more  than  any  other.  If  the 
gibs  that  hold  the  carriage  to  the  bed  are  so  adjusted  that 
the  carriage  is  in  good  adjustment  at  this  worn  place,  it  will 
be  found  that  when  longer  work  is  to  be  turned,  the  carriage 
will  not  slide  easily  along  the  unworn  part  of  the  bed. 

87.  Accuracy  of  New  Lathes. — In  the  manufacture 
of  lathes,  all  parts  are  carefully  tested  to  see  whether  the 
center  line  of  the  spindles  is  exactly  parallel  with  the  bed, 
the  carriage  square  across  the  bed,  and  all  parts  correct. 
All  these  tests  require  that  the  lathe  shall  produce  work  within 
a  limit  of  from  .00025  to  .001  inch,  depending  on  the  kind 
of  work.  The  accuracy  of  the  machine  is  not  so  important 
as  the  skUl  of  the  operator,  for  a  skilful  and  careful  workman 
will  overcome  the  inaccuracies  of  the  machine;  but  the  care- 
less workman  will  have  trouble  even  with  the  best  machine. 

88.  Necessity  for  True  Centers. — ^The  live  center 
should  always  run  true.  The  dead  center  should  be  truly 
conical  and  smooth.  If  a  live  center  were  out  of  true,  or 
eccentric,  so  that  its  point  wabbled  slightly  and  a  piece  of 
work  were  turned  on  it,  the  work  might  be  round  and  straight, 
but  the  turned  part  would  not  be  true  with  the  center  hdle. 
A  piece  may  be  turned  to  various  diameters  and  shapes  on 
untrue  centers  and  the  different  cuts  may  all  run  true  with 
each  other,  provided  they  were  all  taken  at  one  setting.  If, 
however,  the  dog  had  been  loosened  and  a  half  turn  given  to  . 
the  work,  the  dog  being  again  clamped,  the  piece  just  turned 
will  run  out  of  true  an  amoimt  double  the  error  of  the  live 
center.  When,  therefore,  a  piece  is  partly  finished  on  one 
machine  and  then  taken  to  another  for  final  finishing,  it  is 
necessary  that  the  centers  be  true  on  each  machine.  If  the 
second  workman  finds  that  the  outside  of  the  work  does  not 
run  true,  he  should  make  sure  that  the  centers  are  true;  if 
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such  is  the  case,  the  center  holes  should  be  scraped  until  the 
turned  part  runs  true  on  the  dead  centers. 

89.  Scraping  Center  Holes. — If  work  is  found  to  be 
out  of  true  with  the  center  holes,  they  may  be  brought  true 
with  the  work  by  scraping.  Center  holes  are  scraped  after 
first  deaning  both  lathe  centers  and  work  centers.  The  work 
is  then'  placed  on  centers  without  putting  a  dog  on  it.  A 
parting  tool  is  clamped  in  the  tool  post,  as  for  cutting,  but 
preferably  with  a  piece  of  white  paper  or  card  laid  below  the 
tool.  The  tool  is  then  run  up  to  the  work  near  one  end  and 
the  work  is  revolved  backwards  past  the  tool  point  by  one 
hand  while  the  tool  is  fed 
up  to  the  work  with  the 
other.  By  looking  through 
between  the  work  and  the 
tool  any  eccentricity  is 
easily  seen  over  the  white 
paper.  The  high  side  is 
chalked,  the  piece  is  taken 
from  the  lathe  and  gripped 
in  the  vise  with  the  high  side 
down,  so  that  the  side  of  the 
hole  to  be  scraped  will  be 
nearly  horizontal,  as  shown  '""  " 

in  Fig.  49.  The  three-cornered  scraper  is  placed  in  the  hole 
with  two  of  its  edges  in  contact  with  the  hole  and  pressure  is 
brought  on  it  with  both  hands,  so  that  one  edge  is  in  more 
intimate  contact  with  the  surface  of  the  hole  than  the  other. 
This  action  determines  which  is  the  cutting  edge.  The  scraper 
is  rotated  slightly  and  may  be  moved  to  cut  either  toward  or 
away  from  the  operator.  The  scraping  is  started  at  the  middle 
of  the  untrue  part,  where  the  most  metal  is  to  be  removed,  and 
is  reduced  in  both  directions  to  keep  the  hole  round.  The  work 
is  then  returned  to  the  lathe,  tested  as  before,  and  the  oper- 
ation ot  scraping  continued  imtil  the  outside  surface  runs 
true  at  both  ends.  Care  should  be  taken  that  the  scraping 
is  done  so  that  the  onnploted  surface  of  the  hole  \vill  show 
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a  good  bearing  on  the  lathe  centers.    A  dog  should  never 

be  used  to  rotate  the  work  while  testing  for  scraping,  because 

it  might  spring  the  work;  also,  it  would  not  be  in  balance 

and  it  would  double  any 

error  that  might  be  in 

the  Uve  center. 

90.  Hardness  of 
Centers. — The  dead 
center  is  always  hard- 
ened and  tempered. 
The  hve  center  may  or 
may  not  be  as  hard. 
Sometimes  a  softer  live 
center  is  used,  as  a  very 
fine  cut  can  be  taken 
from  it  as  it  revolves 
with  the  spindle.  This 
makes  it  practically 
'^"■^  true,  and  Uttle  time  is 

expended  in  truing  it; 
but  because  of  its 
greater  softness,  it  is 
•  easily  made  imtrue  by 
bending  or  bruising.  If 
a  center,  after  being 
trued,  is  hardened  and 
tempered  and  then  put 
back  in  its  place,  it  will 
no  longer  run  true, 
'*-'  owing  to  the  warping  or 

^'''  ^  springing  in  hardening 

and  tempering.  To  use  hardened  live  centers  successfully,  they 
must  be  made  true  by  grinding  as  they  revolve  with  the  spindle. 
The  live  center  is  hardened  and  the  temper  drawn  to  such  a 
point  that  it  can  just  be  turned,  if  there  are  no  facilities  for 
grinding  the  center  in  position  in  the  spindle.  Grindii^, 
however,  is  preferable  to  turning. 
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91.  Turning  of  LIv©  Center. — A  lathe  having  no 
compound  rest  may  be  iised  for  turning  the  live  center  true 
by  damping  in  the  tool  post  a  broad-nosed  tool  a.  Fig.  50  (a) 
havi:^  its  edge  gnnmd  perfectly  straight.  The  cutting  edge 
is  set  to  an  angle  of  30"  with  the  center  axis  by  adjustmg  it 
to  a  center  gauge  held  with  its  open  end  against  the  face  plate, 
as  shown  at  b.  The  lathe  is  speeded  up  and  three  or  four 
light  forming  cuts  are  taken  irom  the  center,  starting  at  the 
point.  Care  should  be  observed,  when  the  last  cut  at  the  large 
diameter  is  taken,  that  the  tool  does  not  catch  as  the  whole 
length  of  cuttii^  edge  begins  to  cut,  for  this  is  liable  to 
spoil  both  center  and  tool.     The  finishing  cut  should  very 


lightly  scrape  the  center  and  leave  it  true.  It  is  then  filed 
lightly  with  a  smooth  or  dead-smooth  file  and  polished  with 
emery  cloth.  If  the  lathe  has  a  compound  rest,  the  rest 
is  set  to  the  required  angle  and  an  ordinary  turning  tool 
clamped  in  the  tool  post  as  shown  in  (6).  A  light  cut  is 
taken  over  the  center,  which  is  afterwards  lightly  filed  and 
polished. 

92.  Lathe  centers  may  be  trued  by  swinging  the  compound 
rest  to  an  angle  of  30^  with  the  line  of  centers  and  using  a 
left-hand  side  tool,  as  shown  in  Fig.  51.  The  side  tool  is 
set  so  that  only  a  small  part  of  the  point  cuts,  and  is  fed  along 
the  taper  of  the  center  by  the  compound  rest,  while  the  lathe 
is  running  backwards.     If  there  is  no  compound  rest,   the 
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tool  may  be  set  in  the  tool  post  and  adjusted  to  an  angle  o£  30° 
with  the  line  of  centers,  as  shown  in  Fig.  52. 

Lathe  centers  are  sometimes  trued  by  hand,  particularly 
in  a  speed  lathe,  by  setting  a  holder  or  rest  parallel  with  the 
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tapered  part  of  the  center,  as  shown  in  Fig.  53,  and  doing 
the  cutting  with  either  a  diamond  or  a  fiat  hand  tool.  The 
metal  is  removed  by  light  scraping  cuts  until  the  center  fits 
the  gauge,  after  which  it  is  lightly  filed  and  polished  as  in 
the  other  cases. 

93.  Grinding  Lattae 
Centers. — A  properly  con- 
structed grindii^  machine 
should  be  used  to  grind  lathe 
centers.  There  are  many 
forms  of  center  grinders 
manufactured  that  are  suffi- 
ciently convenient  to  warrant 
their  use  in  many  shops. 
Fig.  54  shows  a  very  con- 
venient form  and  its  applica- 
tion to  the  lathe.  In  setting 
this  grinder  in  the  lathe,  the  shank  a  is  passed  loosely  through 
the  tool  post  of  the  lathe  and  the  lathe  centers  come  into,  the 
reamed  center  holes  b  in  the  grinder.  These  center  holes  have 
been  so  located  that  they  hold  the  axis  of  the  grinding  wheel  c 
at  an  angle  of  30°  with  the  axis  of  the  lathe.     After  adjusting 
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the  rest  to  such  a  height  that  the  shank  a  bears  fairly  on  its 
bottom,  it  is  clamped  rigidly  in  the  tool  post.  The  dead  center 
may  be  removed,  which  allows  the  centered  part  b  to  move  clear 
of  the  hve  center,  and  the  machine  adjusted  so  that  the  emery 
wheel  comes  against  the  lathe  center.  A  rubber  wheel  d  is 
pressed  gainst  the  cone  pulley  by  the  handle  /.  The  lathe 
is  run  at  its  fastest  speed  backwards,  while  the  emery  wheel 
is  moved  along  the  face  of  the  center  by  moving  the  shaft 
operated  by  the  knob  e. 

If  electricity  is  used  in  the  shop,  a  portable  center  grinder 
is  clamped  in  the  tool  post  and  connected  by  wire  with  a  hght 


socket.  The  wheel  is  then  fed  back  and  forth  over  the  center 
until  it  is  true.  There  are  also  stationary  center-grinding 
macWnes  in  which  dead  centers  are  placed  and  ground  rapidly 
and  acoirately. 

94.  When  both  centers  are  to  be  trued,  the  dead  center 
should  be  trued  first.  It  is  put  in  the  place  of  the  live  center, 
and  there  ground  smooth  and  true.  It  is  well  to  polish  the 
dead  center  with  emery  cloth  and  oil.  The  hve  center  may 
next  be  ground  and  left  in  place  after  grinding,  so  that  it 
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will  run  true.  Before  grinding  or  truing  a  center,  great  care 
should  be  taken  that  the  center  hole  in  the  spindle  b  very 
clean  before  the  center  is  put  in  place.  If  any  dirt  or  specks 
of  shavings  are  between  the  center  and  the  hole,  they  will 
hold  the  center  away  at  that  point  and  make  an  incorrect  fit. 
The  center  might  be  trued  while  in  this  position  and  it  would 
run  true  until  the  dirt  was  removed,  whereupon  it  would  at 
once  be  untrue. 

95.     Removal  of  Live  Center. — Unless  absolutely  una^ 
voidable,   live   centers  should   never   be   removed   from   the 
spindle  of  the  lathe.     When  chucks  are  used  on  lathes  and  rods 
are  passed  through  the  spindle,  it  becomes  necessary  to  remove 
the  centers.     If  only  for 
plain  chuck  work,  the 
center  hole  should    be 
plumed  with  waste,  as 
it  is  very  difficult  to  re- 
move the  dirt  that  ac- 
cumulates from   the 
work  when  the  hole  is 
left  open. 

It  is  often  the  case 
that  the  center  hole  in 
the  spindle  is  not  abso- 
lutely true  and  that  if  the  center  is  true  in  one  position  in 
the  hole,  it  will  run  untrue  when  given  a  part  of  a  revo- 
lution to  another  position.  In  all  cases  it  is  best  to  mark  a 
line  along  the  length  of  the  lathe  center  b.  Fig,  55,  and  draw 
a  radial  line  a  on  the  nose,  of  the  lathe  spindle.  The  center 
should  always  be  replaced  in  the  spindle  by  making  the  marks  a 
and  b  coincide,  as  shown.  After  lathe  centers  are  once  made 
true.  ^  they  should  be  kept  in  good  condition.  Care  should 
be  taken  to  keep  the  dead  center  well  oiled.  When  the  live 
center  appears'  to  be  true,  but  has  not  been  recently  ground, 
its  truth  may  be  tested.  A  very  common  method  of  testing 
the  center  is  to  set  a  broad-nosed  tool  to  the  center  angle 
and  run  it  nearly  up  to  the  center.     A  piece  of  white  paper 
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or  a  steel  rule  is  held  under  the  tool  and  by  looking  through 
between  them  any  untruth  of  the  center  can  be  seen. 

96.  Lining  lathe  Centers. — To  turn  work  square 
aad  parallel,  it  is  necessary  that  the  lathe  centers  be  in  line 
with  each  other  and  with  the  line  of  tool  iijiotion.  If  the 
centers  are  much  out  of  line,  as  they  would  be  after  turning 
a  taper,  they  may  be  roughly  set  by  placing  the  dead  center 
very  close  to  the  point  of  the  live  center  and  adjusting  until 
the  points  appear  to  be  opposite,  or  the  dead  center  may 
be- set  by  the  use  of  the  scale  or  zero  mark  on  the  tailstock. 
To  adjust  the  dead  center  accurately,  a  test  bar  about  1  foot 
long  may  be  used.  It  is  carefully  centered  with  its  ends 
finished  to  the  same  diameter,  and  the  middle  portion  slightly 
reduced.  This  bar  is  held  between  the  lathe  centers  and 
the  tool  is  adjusted  to  touch  the  bar  at  the  live-center  end. 
After  the  tool  is  thus  adjusted,  the  carriage  is  moved  to  the 
dead-center  end  and  the  tailstock  is  adjusted  so  that  the 
tool  just  touches  the  bar  at  this  end.  The  test  should  be 
repeated  until  the  centers  are  alike  at  both  ends.  After  the 
centers  are  lined,  the  work  being  turned  should  be  carefully 
calipered  as  the  cut  proceeds,  to  be  sure  that  the  lining  was 
correctly  done. 

97.  Wear  of  Tool. — Sometimes  when  the  centers  are 
correctly  lined,  the  work  may  be  slightly  tapered,  growing 
larger  at  the  headstock  end,  owing  to  the  wearing  away  of 
the  point  of  the  tool.  A  long,  springy  shaft  will  taper  larger 
as  the  tool  feeds  toward  the  head  during  a  heavy  cut.  This 
taper  will  increase  until  the  middle  is  reached,  and  decrease 
the  remainder  of  the  distance.  Taper  resulting  from  spring 
usually  corrects  itself  during  the  finishing  cut. 
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(PART  5) 

LATHE  OPERATIONS 

SCREW  THREADS 

OBNEBAL    PRINCIPLES 

1.  A  machine-screw  thread  is  the  ridge  left  on  a 
cylindrical  piece  by  cutting  a  helical  groove  around  the  piece 
with  a  tool  that  at  each  turn  of  the  work  advances  regularly 
through  a.  distance  greater  than  the  width  of  the  tool.  The 
helical  path  of  a  screw  thread  may  be  represented  by  winding 
a  string  in  a  spiral  from  one  end  of  a  pencil  to  the  other  and 
keeping  the  turns  evenly  separated. 

2>  A  plain  screw  thread  on  the  end  of  a  bolt  is  shown  in 
Fig.  1.  The  diameter  of  a  thread  is  the  diameter  measured 
over  the  points,  or  the  diameter  d  of  the  bolt,  before  the  thread 
was  cut.  The  outer  edge  a,  where  the  sides  of  the  thread 
meet,  is  the  point  of  the  thread;  and  the  inner  point  b,  where 
the  adjacent  sides  meet,  is  the  root  of  the  thread.  The  root 
diameter  is  the  distance  through  the  core  of  the  screw  from 
root  to  root,  as  di.  The  height  of  the  thread  is  the  vertical 
distance  k  from  the  root  to  the  point.  The  pitch  of  the  thread 
is  the  distance  p  from  the  point  of  one  thread  to  the  point 
of  the  next,  measured  parallel  to  the  axis  of  the  bolt. 

3.  When  cut  on  the  outside  of  a  piece  of  work,  a  screw 
thread  is  an  external  thread,  or  male  thread,  and  one  cut  on 
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the  inside  is  an  internal  thread,  or  female  thread.  A  bcJt  is 
a  familiar  example  of  external  thread,  and  a  nut  is  an  example 
of  internal  thread.  If  the 
r  piece  on  which  a  thread 
^  I  is  cut,  when  it  is  being 
screwed  into  a  nut,  must 
I  be  turned  in  the  directi(»i 
•tt  of  the  hands  of  a  watch, 
the  thread  on  it,  and  in  the 
nut  also,  is  a  right-hand 
thread;  but  if  the  piece 
must  be  turned  in  the  other 
direction,  the  thread  is  a 
left-hand  thread.  Threads 
are  usually  of  the  right-hand  type. 

4<     A  single  thread  has  one  spiral  groove  cut  around  the 
bolt,  leaving  one  spiral  ridge,  or  thread,  as  in  Fig.  1.    A  double 
thread  has  two  spiral  grooves  cut  around  the  bolt  side  by  side, 
thus  giving  two  spiral  ridges,   or  threads.     Fig.   2  shows  a 
double  thread.     One  thread  is  cut  farther  along  the  bolt  than 
the  other,  to  show  how  the  first  thread  is  cut.     A  triple  thread 
has  three  spiral  grooves,  and  consequently  three  spiral  ridges 
or   threads.     If    two 
strings  are  wound  at  , 
the  same  time  about  [ 
a   pencil,    keeping  \ 
them  side  by  side,  the 
strings  will  represent 
a  double  thread.     If 
three  or  four  strings 
are  used,  a  triple  or  a  j 
quadruple  thread  will 
be    illustrated.     The 
lead  of  a  thread  is  the 

distance  it  advances  ^'^'^ 

in  making  one  complete  turn,  or  the  distance  from  a  point  on 
one  thread  to  a  corresjwnding  point  on  the  same  thread  after 
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it  has  made  one  turn.  The  lead  of  a  double  thread  is  twice 
the  pitch;  of  a  triple  thread,  three  times  the  pitch;  and  of  a 
quadruple  thread,  four  times  the  pitch.  Double,  triple,  quad- 
ruple, etc.  threads  are  called  multiple  threads. 

5.  Measuring  Screw  Threads. — It  is  customary  to 
designate  a  screw  thread  by  the  number  of  turns  it  makes 
in  advancing  1  inch  along  the  axis.  The  number  of  turns 
may  be  found  in  different  ways,  as  shown  in  Fig.  3.  For 
example,  at  a  is  shown  a  scale  set  on  the  screw  so  that  its 
end  is  in  line  with  one  thread  point.  Another  thread  point 
is  opposite  the  first  inch  mark.  Counting  from  the  end  up 
to  and  including  the  first  inch  mark,  there  are  six  thread 
points,  as  numbered;  but  the  sixth  point  is  really  the  first 
point  in  the  next  inch,  so  it  is  dropped.    There  are  5  points 


per  inch,  therefore,  and  so  the  screw  is  said  to  have  five  threaiis 
per  inch. 

6.  Another  method  of  finding  the  number  of  threads  per 
mch  is  shown  at  b,  Pig.  3.  The  end  of  the  scale  is  set  in  line 
with  the  root  of  a  thread  space,  and  the  number  of  points 
between  the  end  of  the  scale  and  the  first  inch  mark  is  counted. 
In  this  case,  there  are  five  points;  consequently,  the  screw 
has  five  threads  per  inch.  Still  another  method  is  to  place 
the  scale  as  at  c,  with  one  end  in  line  with  a  thread  point, 
and  to  count  the  number  of  spaces  between  the  end  and  the 
first  inch  mark.  In  this  case  there  are  five  spaces,  showing 
that  the  screw  has  five  threads  per  inch. 

7.  The  three  methods  that  have  just  been  described  give 
correct  results  only  when  there  is  a  whole  niunber  of  threads 
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per  inch ;  that  is,  the  end  of  the  scale  and  the  first  inch  mark 
must  both  coincide  with  thread  points.  If  the  end  of  the 
scale  is  in  line  with  a  thread  point  and  the  first  inch  mark 
comes  opposite  a  space,  the  screw  has  a  fractional  number 
of  threads.  In  such  a  case  the  counting  must  be  continued 
until  a  point  is  reached  where  a  thread  point  coincides  with 
a  full-inch  mark;  then,  the  total  number  of  points  coimted, 
less  one,  divided  by  the  number  of  inches,  wiU  give  the  nimiber 
of  threads  per  inch.  For  example,  in  measuring  a  certain 
screw  the  end  of  the  scale  is  even  with  a  thread  point,  and 
24  points  are  counted  before  a  thread  point  again  comes 
opposite  a  full-inch  mark,  which  is  the  2-inch  mark.  Dropping 
the  last  point  counted,  there  are  twenty-three  points  in  2  inches, 

or  23-^2  =  llJ  points  per  inch; 

therefore,  the  screw  has  eleven 

I  and  one-half  threads  per  inch. 
8.  In  measuring  a  multiple- 
threaded  screw,  the  lead  is 
usually  desired.  In  the  case  of 
a  double-threaded  screw,  like 
that  in  Fig.  2.  only  every  other 
^^'  *  point  would  be  counted,  giving 

two  points  to  the  inch;  then,  the  lead  would  be  J  inch.  The 
actual  number  of  threads  per  inch  is  foiu*,  and  the  pitch  jis  J. 
Multiple  threads  are  used  when  a  large  lead  is  desired  on 
a  screw  of  small  diameter.  By  cutting  a  number  of  threads 
in  place  of  one  large  thread,  it  is  possible  to  keep  the  coarse 
lead  without  cutting  very  deeply  into  the  piece.  Fig.  4  shows 
a  section  of  a  screw  with  triple  threads.  The  dotted  lines 
show  the  depth  to  which  it  would  be  necessary  to  cut  a  single 
thread  of  the  same  lead. 

9.  Expressing  Pitch. — As  the  pitch  of  a  thread  is  the 
distance  from  one  thread  to  the  next,  it  should  properly  be 
expressed  in  fractions  of  an  inch.  Thus,  a  screw  of  f-inch 
pitch  has  threads  that  lie  |  inch  apart  from  point  to  point. 
It  is  customary  in  many  places,  however,  to  refer  to  the  pitch 
by  the  number  of  threads  per  inch;  for  example,  a  6-pitch 
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screw  is  one  that  has  six  threads  per  inch,  and  a  10-pitch  screw 
is  one  that  has  ten  threads  per  inch.  The  pitch  is  always 
equal  to  1  divided  by  the  number  of  threads  per  inch;  thus, 
if  a  screw  has  twelve  threads  per  inch,  the  pitch  is  iV  inch. 

10.  Common  Forma  of  Threads. — The  forms  of  screw 

threads  used  in  the  United  States  are  the  sharp,  or  V,  thread, 
the  United  States  standard  thread,  also  known  as  the  Sellers, 
or  Franklin  Institute,  thread,  the  square  thread,  the  Acme 
thread,  the  worm  thread,  the  metric  thread,  the  ratchet  thread, 
the  British  standard  thread,  and  some  others  used  for  special 
purposes.  The  two  forms  most  commonly  used  in  the  United 
States  are  the  V  thread  and  the  United  States  standard  thread. 
They  are  used  on  commercial  bolts  and  screws  and  for  fasten- 
ing devices  in  machine  construction. 

BHABP,    OK    V,    THHEAD 

11.  Sbape. — A  section  through  a  part  of  a  bolt  showing 
the  exact  shape  of  a  V  thread,  is  given  in  Fig.  5.  The  sides 
of  the  thread  are  straight  and  make  an  angle  of  60°  with  each 
other,  and  &f  with  the  center  line  of  the  screw.  These  side 
faces  meet  and  form  a  sharp  point  a  and  a  sharp  comer  b  at 
the  root;  hence  its  name,  sharp,  or  V,  thread.  The  pitch 
is  here  denoted  by  p,  the  height  of 

the  thread  by  h,  the  diameter  of 
the  bolt  by  d,  and  the  diameter  at 
.  the  root  of  the   thread,   or  the 
diameter  of  the  tap  drill,  by  di. 

12.  Tool     for     Cutting     V 
Threads.— The  sharp  or  V  thread  ''"■  * 

has  been  almost  universally  adopted  for  making  case-hardened 
setscrews.  The  number  of  threads  per  inch  is  shown 
in  Table  I.  The  V  thread  is  widely  used  for  very  small  screws 
having  fine  pitches,  and  also  in  a  modified  form  for  pipe  threads. 
The  threading  tool  for  V  threads  is  shown  in  Fig.  6.  It  is 
ground  flat  on  the  top  face,  and  the  front  faces  and  cutting 
edges  N  S  and  G  K  are  ground  to  form  an  angle  of  60°.    This 
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angle  is  tested  by  the  center  gauge  shown  in  Fig.  7,  which  has 
60°  notches  cut  in  it.     The  point  of  the  tool  is  set  in  the  notch 


TABIiE  I 

SHARP,    OB    V,    THBGAD 


Diwneter 

Number 

Diameter 

Diameter 

Number 

of 

at  Root 

of 

at  Root 

Boll 

Threads 

of  Thread 

Bolt 

Threads 

of  Thread 

Inch 

per  Inch 

Inch 

Inches 

per  Inch 

Inches 

J 

20 

.1634 

li 

■8776 

ft 

18 

216.1 

1.0026 

i 

i6 

2668 

1.0863 

ft 

H 

3138 

1.2113 

i 

12 

3557 

1.2786 

I 

4676 

1.4036 

i 

ID 

5768 

4} 

1. 4901 

i 

9 
8 

6826 
7835 

4i 

1.6151 

of  the  gauge,  which  should  he  flat  in  line  with  the  top  surface 
of  the  tool.  The  angle  of  front  rake,  or  clearance,  is  15^, 
as  indicated  by  the  angle  between  the  lines  C  D  and  E  F,  Fig.  6. 


A  tool  for  heavy  work  is  shown  in  Fig.  8;  this  has  the  disad- 
vantage that  it  grows  thicker  each  time  it  is  ground,  thus 
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making  it  mcare  difficult  to  cut  threads  close  to  a  shoulder. 
Very  often  the  tool  is  made  offset,  as  shown  in  Fig.  9. 

13.     Setting  Thireading:  Tool. — Threading  tools  should 
be  clamped  in  the  tool  - 
post  at  such  an  angle  to 
the  work  that  the  cut- 
ting edges  N  S  and  G  K 
of  the  tool,  Fig.  10,  will 
make  equal  angles  with 
the  work.     This  is  s 
^■*  complished  by  using  a         ^""^ 

**nter  gauge,   as  shown.     The   back   of   the  gauge  lies  flat 
feainst  the  work,  and  the  point  of  the  tool  is  so  moved  that 
**  just  fits  the  notch  in  the  front  of  the  gauge.     As  the  point 
^  the  tool  is  ground  to  an  angle  of  60°  and  the  sides  of  the 
n^  ^^'Ss  to  be  cut  make  an  angle  of  60°,  the  angle  between 
■^  Q£  the  faces  of  the  tool  and  the  work  will  be  an  angle 
f?"/^?*.     It  will  therefore  be  found  more  convenient  on  some 
/•^^      of  work  to  hold  the  gauge  as  shown  in  Fig.  11,  with 
Qj^    £tJK:3^gular  edge  gainst  the  work,  and  to  set  the  tool  to 
the  o"tlT»^«r  angular  edge.    When  one  edge  of  the  tool  is  properly 
set,  -fcla^  other  edge  will  be  at  the  correct  angle,  provided  the 
tool  i^      «orrectly  ground. 


"V**  «:irlndfng  Threading  Tool.— The  threading  tool 
TtiaY  ^^*^  ground  by  the  same  method  used  in  grinding  ordinary 
^■ift  ^ools,  the  gauge  being  used  to  test  the  angle  of  the  point. 

■^SWnerver  possible,  it  is  better  to  grind  the  tool  in  a  machine 
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especially  designed  for  the  purpose.     With  these  machines, 
it  is  possible  to  grind  more  accurate  angles  and  truer  faces 
than  by  hand. 

J  15.  Inserted- 
Blade  Threading 
Tools .  —  Various 
forms  of  tool  holders 
have  been  designed 

for  threading  tools. 

Fig.  12  shows  one  of  these  forms  for  V  threads.  The  tool  is 
accurately  made  and  j;round  so  that  the  front  faces  form  such 
an  angle  with  each  other  when  the  top  face  is  ground  flat  that 
the  angle  of  the  cutting  edges  will  be  60P.  The  inserted  blades 
are  sharpened  by  grinding  the  top  faces.  Tool  holders  are 
made  for  cutting  square  threads,  blades  of  various  thicknesses 
being  used  to  cut  the  various  pitches  of  threads.  When 
coarse  pitches  on  small  diameters  are  to  be  cut,  these  tools 
cannot  he  used,  because  of  the  excessive  side  rake  required 
on  tools  employed  for  this  purpose. 


DNITED    STATES    STANDABD    THBEIAD 

16.     Slmpe. — ^The  shape  of  the  United  States  standard 
thread  is  shown  by  the  full  lines  in  Fig.  13.     In  order  to  com- 
jjare  it  with  the  sharp  V  thread,  a  V  thread  of  equal  pitch 
is  drawn  in  dotted  lines.     The  sides  of  the  United  States 
standard  (hread  make  an  angle  of  60^  with  each  other  and 
with  the  center  line  of  the  bolt,  just  as  in  the  V  thread;  but 
the  point  and  root  of  the    . 
United     States     standard  i. 
thread     are     flat.     The    | 
amount  of  this  flatness  may    ♦ 
easily  be  determined.     Sup-    ^ 
pose  that  the  height  of  a  V    L 
thread  of  the  same  pitch  is  "^'  '^ 

divided  into  eight  equal  parts,  as  shown,  and  one-eighth  of 
the  point  is  cut  off.     The  point  would  then  have  a  flat,  as 
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at  a  b.  This  is  the  amount  of  fiat  given  to  the  point  of  the 
United  States  standard  thread,  as  shown  at  cd,  and  also 
at  the  root,  as  at  ef.  In  other  words,  the  United  States 
standard  thread  is  only  three-fourths  the  height  of  a  V  thread 
of  the  same  pitch;  also,  the  United  States  standard  bolt  is 
stronger  than  a  bolt  of  equal  size  with  V  threads,  because 
the  diameter  at  the  root  of  the  United  States  standard  thread 
is  greater  than  the  diameter  at  the  root  of  a  V  thread  of  the 
same  pitch. 

17.  Proportions. — ^The  various  proportions  of  bolts 
and  nuts  having  United  States  standard  threads  are  given 
in  Table  II.    The  first  three  columns  give  the  outside  diameter 

of  the  bolt,  the  number 
of  threads  per  inch, 
and  the  diameter  at 
the  root  of  the  thread. 
The  fourth  column 
gives  the  he^ht  k  or 
thickness  of  a  rough 
nut,  which,  it  will  be 
seen,  is  equal  to  the 
diameter  of  the  bolt 
in  each  case.  The 
width  D  across  the 
flats  of  a  square  or  a  hexagmial  nut  is  given  in  the  fifth 
column,  and  the  size  of  tap  drill  is  given  in  the  sixth 
colimm.  The  last  column  gives  the  height  k'  of  the  bolt 
head.  The  width  across  the  flats  of  the  bolt  head  is  the 
same  as  for  the  nut. 

18.  Gauge. — One  form  of  thread  gauge  for  United  States 
standard  threads  is  shown  in  Fig.  14.  It  consists  of  a  double- 
leaf  handle  a  between  whose  ends  are  pivoted  twenty-ax 
blades,  any  one  of  which  may  be  swung  outwards  for  use. 
All  but  one  of  the  blades  have  notches  along  the  edge,  corre- 
sponding to  the  pitch  and  shape  of  the  various  sizes  of  United 
States  standard  threads.  The  gauge  may  be  used  to  test 
the  accuracy  of  either  external  or  internal  threads.    The 
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remaining  blade  b  has  a  sharp  60°  notch  c  cut  in  it,  and  the 
thread  tool  is  first  ground  to  the  correct  angle  to  fit  this  gauge. 
The  flat  on  the  end  of  the  tool  is  then  ground  to  fit  the  notches 
in  the  particular  blade  that  corresponds  to  the  pitch  of  thread 
to  be  cut.  Similar  gauges  are  made  for  use  with  V  threads, 
metric  threads,  etc. 

19.  Cutting  Tool.— The  United  States  standard  thread- 
ing tool  is  first  ground  to  fit  the  &f  notch  in  the  gauge,  and 
then  the  point  is  ground  off  to  fit  the  flat  in  the  gauge  for 
the  pitch  of  thread  to  be  cut.  A  clearance  of  15"  is  given 
to  it.  If  a  special  gauge  is  not  available  the  tool  can  be  ground 
to  the  ordinary  center  gauge  and  the  flat  end  gauged  in  a 
corresponding  United  States  standard  tap.  United  States 
standard  threads  are  cut  by  turning  the  screws  to  the  required 
diameter,  or  ^  inch  under  in  some  cases,  and  then  cutting 
the  thread  so  that  the  fiat  has  the  required  width.  Care 
should  be  taken  to  try  the  screw  in  a  tapped  hole  and  to  cut 
the  thread  so  that  it  will  fit  only  on  the  sides  and  not  on  the 
points. 

20.  Oiigtn  of  a  Standard  Thread. — Originally,  each 
manufacturer  adopted  his  own  standard  as  to  the  number  of 
threads  per  inch  and  the  form  of  the  thread.  Bolts  and 
screws  made  by  different  finns  were  consequently  not  inter- 
diangeable,  and  in  the  case  of  a  breakdown  it  was  often  very 
inconvenient  to  obtain  repairs  for  machines.  As  manufac- 
turing interests  became  specialized  and  shops  exchanged  tools 
and  commodities,  interchangeability  of  the  parts  became  very 
desirable,  and  a  number  of  leading  manufacturers  brought 
out  special  types  of  threads  that  they  tried  to  have  adopted. 

In  the  year  1864,  the  Franklin  Institute,  of  Philadelphia, 
appointed  a  committee  to  investigate  and  report  on  the 
subject  of  screw  threads.  They  made  a  careful  investigation, 
and  finally  recommended  a  system  designed  by  Mr.  William 
Sellers,  which  was  later  adopted  by  the  Institute;  this  is  the 
present  United  .States  standard  thread. 

21.  Reason  for  Selecting  Present  Standard. — In 
determining  the  exact  shape  and  pitch  for  a  screw  thread. 
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many  things  had  to  be  considered.    Among  these  were  the 

best  angle  for  the  sides,  and  whether  or  not  the  angles  of  the 

sides  should  be  equal.    When  a  bolt 

has  a  thread  cut  on  its  end,  the 

strength    of    that    bolt    is    reduced 

because  of  the  reduced  diameter  at 

the  root  of  the  thread.     It  will  be 

no   stronger  than  a  bolt  having  a 

diameter  equal  to  the  diameter  at 

the   root  of  the  thread.     It  would 

therefore   seem    desirable    to   make 

the  threads   shallow,   so   as  not  to 

reduce  the  strength  of  the  bolt  more 

*''°^'  than  necessary.     The  threads  then 

might  be  of  the  general  shape  shown  in  Fig.  15. 

22.  Suppose  that  the  bolt  shown  in  Fig.  15  is  intended 
to  carry  a  load  acting  in  the  direction  of  the  arrow.  A  nut 
shown  in  section  holds  the  bolt  in  place.  As  the  load  is  apphed, 
the  bolt  tends  to  draw  through  the  nut,  and  by  so  doing 
tends  to  stretch  or  burst  it.  The  bursting  strain  on  the  nut 
depends  on  the  angle  of  the  side  of  the  thread,  each  thread 
acting  like  a  wedge  in  the  nut.  The  bursting  strain  in  this 
case  will  therefore  be  much  greater  for  a  given  load  than 
it  would  be  if  the  threads  were  more  acute,  as  shown  in 
Fig,  16  (a).  Besides,  the  great  bursting  strain  would  cause 
great  friction  on  the  thread,  and  there  would  be  danger,  in 
tightening  the  nut,  that  the  bolt  would  be  twisted  off.  It  is 
evident,  therefore,  that  a  thread  having  a  flat  angle  is  not 

desirable.     The  more  acute  

thread  would  so  weaken  the 
bolt  that  it  is  also  undesir- 
able. 

23.  The    friction    and 
the  bursting  strain  on  the 
nut  might  be  eliminated  by 
using  a  ratchet   thread,  as    shown   in    Fig.    16    {&).    This 
thread   would   be   flat   on    the   under  side   and   would   not 
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have  the  bursting  effect  of  the  wedge-shaped  thread.  The 
thread  would  not  be  deep,  so  that  the  bolt  would  not  be  much 
reduced  in  strength  after  the  thread  was  cut.  This  thread 
woidd  at  first  seem  to  answer  the  conditions,  but  ^ould  the 
direction  of  the  load  be  changed,  these  ideal  conditions  would 
vanish.  In  every  case,  the  workman  would  have  to  con- 
sider the  direction  of  the  load  before  he  could  determine  which 
side  of  the  thread  should  be  flat  and  which  side  beveled. 
Furthermore,  the  nut  used  for  this  thread  would  fit  from  one 
side  only;  if  the  nut  were  turned  over,  it  would  not  go  on. 
This  consideration,  with  many  others,  led  to  the  adoption 
of  a  thread  with  equal  angles  on  each  side. 

24.  The  angle  of  60°  was  chosen  after  much  consideration, 
it  being  an  angle  easily  obtained  and  one  seeming  best  to 
answer  the  conditions.  To  give  the  thread  durability,  it 
was  decided  not  to  use  the  sharp  point,  as  it  weakened  the 
screw.  By  leaving  the  point  of  the  thread  flat,  it  was  possible 
to  leave  a  corresponding  flat  at  the  root  of  the  thread.  The 
strer^h  of  the  bolt  was  thereby  increased.  The  points  were 
left  flat  because  of  the  ease  with  which  the  screw  could  be 
made  when  compared  with  the  curved  pcMnts  represented 
by  the  British  standard  thread.  The  pitch  of  the  thread  for 
different  diameters  was  also  considered,  and  a  standard  num- 
ber of  threads  to  the  inch  for  various  diameters  was  adopted. 

25.  Formal  Adoption. — The  United  States  standard 
thread  was  authorized  for  use  in  the  naval  service  by  the 
government  in  the  year  1868.  In  the  year  1871,  the  MastCT 
Car  Builders'  Association  recommended  it  for  use  in  the  con- 
struction of  locomotives  and  cars.  The  system  is  now  entirely 
used  in  the  United  States  Navy,  and  has  been  adopted  by 
manufacturers  generally.  It  is  used  on  commercial  capscrerre. 
It  has  not  entirely  taken  the  place  of  the  V-thread  system, 
however,  as  for  very  small  screws  and  fine  pitches  the  V  thread 
is  usually  more  desirable. 

26.  Variations    In    Blameter    of    Standard    Bolts. 

The  diameters  of  United  States  standard  bolts  vary  by  six- 
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teenths,  eighths,  and  fourths  of  an  inch.  Until  recently, 
many  makers  used  the  same  number  of  threads  per  inch, 
but  made  the  diameter  of  the  bolt  A  ™"  A  "ich  under  or 
over  the  standard  diameter;  thus,  a  |-inch  bolt  might  be 
^  inch  over  or  under  }  inch  in  diameter.  Taps  and  dies 
made  according  to  this  system  are  still  in  use  in  some  black- 
smith shops.  Fortunately,  the  confusion  arising  from  this 
cause  is  rapidly  being  eliminated,  and  manufacturers  generally 
are  adopting  the  single  standard  system  and  making  all  their 
bolts  of  exactly  the  nominal  diameter. 

aQDASB   THBEAD 

27.  Shape. — ^The  square  thread,  as  its  name  implies,  is 
square  in  section,  as  shown  in  Fig.  17.  Theoretically,  the 
space  a,  the  width  b,  and  the  height  c  should  all  be  equal. 
In  practice,  however,  the  space  a  is  made  shghUy  greater 
than  the  width  b  of  the  thread,  or  as  it  is  termed,  the  land. 
It  is  customary  to  make  the  space  one  or  one  and  one-half 
thousandths  greater  than  the  land,  so  that  the  threads  will 
work  freely  and  permit  good  lubrication.  There  is  no  standard 
relation  between  the  diameter  of  the  screw  and  the  pitch. 

There  is  also  no  standard  pitch  for 

square  threads.     The  square  thread 

is  used  where  a  very  strong  thread 

is   required   and   where    a   machine 

part  has  to  be  moved  rapidly.     It 

has  practically  fiat  bearing  surfaces 

at    right    angles    to    its    axis,    thus 

avoiding   the   sidewise   or   biusting   tendency   found   in   the 

V-thread  screw.     Another  advantage   of   the   square   thread 

is  that  it  does  not  decrease  in  diameter  as  it  wears.     The 

wear  in  both  nut  and  screw  is  all  on  the  side  of  the  thread, 

so  these  may  be  worn  to  a  quarter  of  their  original  thickness 

and  still  work.     A  V  thread  would  strip  long  before  this  point 

was  reached. 

28.  Square-Thread  Tool. — A  square  thread  with  a 
section  of  the  tool  used  for  cutting  it  set  in  its  working  posi- 
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tion  is  shown  in  Fig.  18  (a).  The  square-thread  tool  is  square- 
pointed,  with  its  top  face  sloping  slightly  downwards  and 
sidewise  in  the  direction  that  the  tool  is  feeding  while  cutting, 
as  shown  at  a.  The  top  side  slope  is  given  so  that  the  top 
face  will  make  equal  angles  with  the  two  sides  of  the  thread. 
The  cutting  part  of  the  tool  is  short,  as  shown  in  the  views  (6), 
to  give  stiffness,  and  it  is  set  at  an  angle  with  the  vertical 
side  of  the  shank  of  the  tool  so  that  the  cutting  part  will 
follow  the  groove  or  space  being  cut  between  the  threads 
without  bearing  against  either  side,  as  may  be  seen  in  view  (a). 
This  inclination  is  called  the  angle  of  side  rake,  and  varies 


with  every  pitch  and  diameter  of  square  thread.  A  right- 
hand  tool  is  used  for  cutting  a  right-hand  thread,  and  a 
corresponding  left-hand  tool  is  required  to  cut  a  left-hand 
thread.  These  two  tools  are  shown  in  the  end  views  (c)  and  (d), 
respectively. 

29.  The  angle  of  side  rake  is  found  by  drawing  a  straight 
line  ah.  Fig.  18  («),  equal  in  length  to  the  circumference  of 
the  bolt  at  the  root  of  the  thread,  and  at  one  end  a  perpen- 
dicular h  c  equal  to  the  lead  of  the  thread.  Then  the  points  a 
and  c  are  joined  by  a  straight  line  a  c.  The  angle  c  a  d  is  the 
angle  of  side  rake.    The  lead  is  equal  to  the  sum  of  the  width 
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of  the  thread  and  the  width  of  the  space.  The  distance  c  d 
is  made  equal  to  the  width  of  the  space,  and  the  dotted  lines  d  e 
and  b/  are  drawn  parallel  to  the  slanting  line  a  c.  The  dis- 
tance g  k  between  the  lines  a  c  and  de  \s  the  shortest  distance 
between  the  threads  and  represents  the  width  of  the  tool  at 
the  cutting  edge.  The  tool  is  shown  in  section  in  its  correct 
angular. position  at  i.  In  addition  to  its  angle  of  side  rake, 
it  should  have  clearance  on  each  side,  as  at  /,  so  that  it  will 
not  rub  against  the  sides  of  the  groove,  which  arc  represented 
by  the  lines  a  c  and  e  d.  The  angle  of  front  rake  should  be  15°, 
as  shown  in  view  (6).  The  point  of  the  tool,  for  a  distance 
of  ^  inch  back  from  the  cutting  edge,  should  have  the  correct 
width  of  the  thread  space,  and  back  of  this  point  should  be 
narrower,  so  as  to  cut  a  clean  thread.  A  roughing  tool  slightly 
narrower  than  the  finishing  tool  may  be  used  to  rough  out 
a  square  thread  to  the  correct  root  diameter. 

Example, — Find  the  angle  of  side  rake  for  a  tool  to  cut  a  square  thread 
of  J-inch  pitch  on  a  screw  2  inches  in  diameter. 

Solution. — The  method  is  shown  by  the  diagrams  in  Fig.  18  (a)  and  (e) 
which  are  half  size.  The  pitch  is  J  in.,  and  the  width  of  the  space  is  half 
the  pitch,  or  \  in.,  which  is  also  the  depth  of  the  space.  The  rocA 
diameter  is  equal  to  the  outside  diameter  minus  twice  the  depth  of  the 
space,  or  2- (2Xi) -2- J- 1 J  in.  The  distance  o  6  in  (e)  is  therefore  made 
3.1416Xli  =  4.7l  in.  The  disUnce  6  e  is  Uid  oS  vertically  equal  to  J  in., 
or  the  lead,  and  the  line  c  a  is  drawn.  Then  the  angle  cabis.  the  required 
angle  of  side  rake  to  be  given  to  the  tool.    Ans. 

30.  Cutting  Square  Threads. — ^A  square  thread  is 
often  required  to  stop  abruptly  in  the  stock,  so  a  hole  b. 
Fig.  18  (a),  is  drilled  at  the  place  where  the  thread  will  end, 
into  which  the  tool  can  nm  and  cut  off  the  chip.  When 
cutting  a  square  thread,  the  tool  is  first  set  so  that  it  will 
come  central  with  the  drilled  hole  at  the  end  of  the  cut.  The 
lathe  is  stopped  when  the  tool  is  within  a  turn  of  the  hole 
and  the  belt  is  pulled  around  by  hand  until  the  chip  is  cut 
off.  The  tool  is  withdrawn  and  the  operation  is  repeated 
until  the  thread  is  cut  to  the  required  depth.  The  finishing 
tool  is  then  carefully  set  square  with  the  axis  and  level  with 
the  center  and  light  cuts  are  taken  until  the  correct  depth 
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is  reached.  Lard  oil  is  always  applied  to  the  tool  and  the 
work  when  cutting  the  harder  metals.  After  the  thread  is 
cut  it  will  be  found  that,  at  the  point  where  the  tool  cuts 
only  on  one  side  as  it  starts  into  the  cut,  as  at  c,  the  thread 
will  be  thicker  than  where  the  tool  cuts  and  is  supported  on 
both  sides.  This  high  side  of  the  thread  should  be  carefully 
filed  down  to  the  same  thickness  as  the  rest  of  the  thread, 
after  which  it  should  be  well  oiled  and  tried  in  the  nut.  If 
the  thread  is  too  tight  it  can  be  eased  ofE  by  nmning  a  thin 
file  along  its  side  until  it  fits  correctly. 


ACUB    THREAD 

31.  Shape. — The  sides  of  the  Acme  thread,  shown  in 
section  in  Fig.  19,  are  inclined  14J°,  making  the  included 
angle  29°,  The  depth  of  the  thread  is  the  same  as  for  a  square 
thread  of  the  same  pitch.  The  top  of  the  thread  does  not 
touch   the    bottom    of   the 

space  in  the  nut.    This  open- 
ing represents  the  clearance, 
which  is  provided  to  insure  a 
perfect  fit  on  the  sides  of  the 
thread.     The  Acme  thread  is 
better  suited  than  the  square 
thread  for  a  feed-screw  on 
which  a  split  nut  is  used,  as 
on  the  lead  screw  of  a  lathe,  ; 
because  the  parts  of  the  nut  l 
will  engage  easier  than  they  ' 
would  with  a  square  thread. 
Another   advantage    of    the 
Acme  thread  is  that  it  is  ^"^- " 

easier  to  tap  holes  for  it  than  for  square  threads,  as  the  teeth 
of  Acme  taps  are  less  likely  to  break. 

32.  Proportions, — The  various  dimensions  of  the  Acme 
screw  thread  are  given  in  Table  III,  in  which  the  letters  at 
the  tops  of  the  columns  refer  to  the  corresponding  dimensions 


^dbyGoOgle 


LATHE  WORK 


§19 


shown  in  Fig.  19.    The  width  A  of  the  space  at  the  bottom 

of  the  thread  io  the  nut  is  .0052  inch  less  than  the  width  B 

TABIE  m 

ACME    ETTANDARD    SCREW    THBEAD 
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.0413 

0361 
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■0751 

lO 

0600 

.0371 

0319 

0629 

.0681 

of  the  point  of  the  thread,  which  is  equal  to  the  dimension  6. 
The  point  of  the  Acme  thread  tool  therefore  must  have  a 
width  equal  to  A.  The  dimension  C  is  the  diameter  of  the 
tap  required,  which  is  .02  inch  larger  than  D,  the  outside 
diameter  of  the  screw.  The  root  diameter  E  is  equal  to  the 
diameter  Z5  minus  twice  the  depth  a  of  the  thread. 


33.    CuUin^c   Arnio  Threiwl-s. — The  cutting  operations 
followed  in  roughing  and  finishing  the  Acme  thread  do  not 
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differ  materially  from  those  followed  in  cutting  a  sqtiare 
thread.  The  Acme  thread  tool'  is  ground  or  filed  to  the 
V  notch  a  in  the  29*  thread-tool  gauge  shown  in  Fig.  20.  Its 
point  is  then  made  flat  to  fit  the  width  of  the  slot  opposite 
the  number  denoting  the  pitch  of  thread  to  be  cut.  The 
end  of  the  gat^e  opposite  the  slot  a  has  a  14)°  angle  b  that 
is  used  in  setting  the  tool.  The  back  edge  c  J  of  the  gauge 
is  held  against  the  work  or  the  dead  spindle  and  the  tool  is 
adjusted  to  fit  the  angle  b  in  the  front  of  the  gai^e. 


BBTTISH   STANDARD  THBEAD 

34.  Origin.— In  the  year  1861,  Sir  Joseph  Whitwortti, 
of  England,  proposed  a  system  of  standards  for  screw  threads 
to  overcome  the  inconveniences  arising  in  England  by  the 
use  of  a  great  number  of  individual  systems,  each  builder 
or  manufacturer  having  had  his  own  standard  up  to  that 
time.  The  system  that  he  introduced  is  now  the  standard 
thread  used  by  British  manufacturers,  and  the  same  form 
has  been  adopted  very  largely  "throughout  Europe.  The 
rounding  of  the  top  and  bottom  of  the  thread  has  certain  very 
desirable  features,  as  it  adds  greatly  to  the  strength  and  diira- 
bility  of  the  screw  and  does 
away  with  the  sharp  comers, 
which  are  more  liable  to  be 
nicked  or  bruised. 

American  manufacturers  j 
who  are  accustomed  to  the  *""■ " 

United  States  standard  consider  the  difficulty  of  keeping  up  to 
standard  the  necessary  tools  for  producing  these  curved  points 
and  roots  a  sufficient  argument  against  the  adoption  of  the 
British  standard  screw  thread  in  this  country. 

35.  Shape. — The  exact  shape  of  the  British  standard 
thread  is  shown  in  Fig.  21  by  the  fidl  lines,  and  a  V  thread 
of  the  same  pitch  is  indicated  by  the  dotted  lines.  The  British 
standard  thread,  also  called  the  Whitworth  thread,  has  straight 
sides  that  form  an  angle  of  55°  with  each  other,  and  the  point 
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.  and  the  root  are  rounded.     The  curve  at  the  point  is  part 
of  3  circle  that  has  a  radius  equal  to  .137  times  the  pitch  of  the 

TABLE  rV 

BBmSH    STANDABD,    OB    WHITWOBTH,    8CBBW    THBBADS 
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thread,  and  the  curve  at  the  root  has  the  same  radius.    The 

sides  of   the  threads  are   tangent   to   the   circles   drawn   at 

the  root  and  the  point.     The  depth  of  the  British  standard 

thread  is  .64  times  that  of  the  sharp,  or  V,  thread  of  equal 

pitch,  and  it  is  therefore  the 

stronger.     The  numbers  of 

threads  per  inch  for  bolts 

of  various  sizes  with  British 

standard  threads  are  given 

in  Table  IV. 

36.     Cutting.— The 

operation  of  cutting  British 

standard  threads  is  similar 

to    that   used    for   United 

States    standard    threads. 

The  difference  in  thread  is 

^'°-'^  due  to   the  shape  of   the 

tool.     Every   pitch  of   thread   requires  a  tool  of   particular 

size  and  shape,  the  same  as  the  United  States  standard;  but 
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because  of  the  curved  point  and  root  of  the  thread,  the  tool . 
is  much  more  difficult  to  make.  Fig.  22  shows  the  plan  of 
a  tool  as  it  is  applied  to  the  work.  The  point  is  rounded  and 
round  shoulders  are  formed  on  the  tool,  to  form  the  round 
points  of  the  threads.  These  tools  are  thus  in  reality  forming 
tools,  and  are  sharpened  by  grinding  on  the  top  face.  They 
are  formed  by  using  a  hob,  which  is  an  accurately  threaded 
screw  of  the  required  diameter  and  pitch  or  lead  of  thread. 
This  screw  is  fluted,  to  form  cutting  edges  and  a  place  for 
chips  in  front  of  each  cutting  ed^e.  The  teeth  formed  by 
the  flutes  are  backed  off,  after  which  the  hob  is  hardened  and 
tempered.  A  dog  is  clamped  on  the  hob.  which  is  held  between 
the  lathe  centers  while  the  blank  tool  is  held  in  the  tool  post. 
As  the  hob  revolves,  the  tool  blank  is  fed  up  to  it;  at  the  same 
time  it  is  fed  along  by  the  lead  screw.  By  repeating  these 
operations,  as  in  cutting  a  screw,  the  blank  is  soon  formed 
into  a  threading  tool  After  hardening,  it  is  ready  to  be 
used  to  cut  the  desired  screw. 


OTHBR    THBEADa 

37.  Worm  Thread. — The  worm  thread  is  used  to  trans- 
mit motion,  and  it  must  therefore  have  a  lai^e  amount  of 
wearing  surface  on  the  sides  of  the  threads.  The  angle  of 
the  worm  thread  is  29°,  as  in  the  Acme  thread;  but  the  worm 
thread  is  made  about  one-third  deeper  than  the  Acme  thread 
of  the  same  pitch,  to  increase  the  wearing  surface.  The  tool 
tor  cutting  the  worm  thread  must  have  enough  side  rake 
to  follow  the  lead  of  the  thread  being  cut.  The  worm-thread 
tool  should  be  filed  or  groimd  to  a  worm-thread  tool  gauge. 

38.  Automobile  Threads. — The  Society  of  Automobile 
Engineers  has  adopted  a  standard  of  screw  threads  that  is 
better  suited  to  automobile  work  than  either  the  United 
States  standard  or  the  V  thread.  Tlie  screws  used  in  auto- 
mobile work  are  of  finer  pitch  than  the  United  States  standard, 
because  the  screws  and  bolts  are  of  as  small  diameter  as  they 
may  be  made  with  safety,  and  the  fine  thread  does  not  need 
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to  be  cut  so  deep  as  the  coarser  pitch,  thus  making  the  screw 
stronger.  Another  reason  is  that  most  of  the  threads  are 
cut  in  hard,  tough  materials  that  do  not  require  so  coarse  a 
pitch  of  thread  as  does  cast  iron.  The  automobile  thread 
is  of  the  same  shape  as  the  United  States  standard,  and  the 
numbers  of  threads  per  inch  for  the  various  sizes  are  given  in 
Table  V,  This  thread  was  formerly  known  as  the  A.  L.  A.  M. 
thread,  or  Association  of  Licensed  Automobile  Manufacturers' 
standard  thread. 

TABIiE  V 

aOCIETY    OF    AUTOMOBILE    BNOINEBB8'    STANDARD    8CBEW8 
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39.  Ratchet   Thread. — In   Fig.    16    {&)    is    shown    the   ■ 
ratchet  thread,  a  special  thread  used  to  take  up  axial  pressure 
on  the  flat  sides.     It  is  employed  in  a  modified  form  to  take 
up  the  end  thrust  in  breech  blocks  in  large  guns. 

40.  Metric  Thread. — ^The  metric  thread,  also  called  the 
international  thread,  is  the  one  used  in  France,  and  to  some ' 
extent  in  other  countries.  In  shape  it  is  similar  to  the  United 
States  standard  thread,  but  the  pitch  is  not  the  same  as  for 
United  States  standard  bolts  of  the  same  size;  therefore,  to 
cut  metric  screws  on  a  lathe  having  a  lead  screw  with  a  known 
number  of  threads  per  inch,  change  gears  known  as  adapting 
gears  must  be  used.  The  proportions  of  metric  threads  arc 
given  in  Table  VI,  in  both  metric  and  English  units. 
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CUTTING  SCREW  THREADS  ON  LATHE 


CALCULATINa    CHANGB    OEAB8 

41.  Adapting  Engine  lAthe  tor  Screw  Cutting. 
The  engine  lathe  is  made  suitable  for  cutting  threads  by  four 
motions,  namely,  a  lead  screw  to  move  the  carriage  along 
the  bed,  a  set  of  change  gears  to  make  the  lead  screw  turn 
faster  or  slower  than  the  spindle,  a  feed-gear  reversing  mechan- 
ism, and  a  means  of  reversing  the  motion  of  the  spindle  and 
the  work.  The  lead  screw  is  driven  at  any  required  speed 
with  respect  to  the  spindle  speed,  through  a  train  of  fixed 
and  change  gears,  from  the  live  spindle.  It  usually  has  two, 
three,  four,  six,  or  eight  threads  per'inch,  although  various 
other  numbers  of  threads  are  used  for  specific  purposes. 

42.  Change-Oear  Stack. — Each  ordmary  engine  lathe 
has  a  set,  or  stcKk,  of  change  gears,  which  are  made  in  a  regular 
order  of  sizes,  the  smallest  having  about  twenty  and  the 
largest  about  one  hundred  and  twenty  teeth.  The  various 
gears  in  the  set  vary  by  a  regular  number  of  teeth,  as  4,  5,  6, 
or  7;  that  is,  if  a  set  of  gears  is  found  to  contain  gears  having 
20,  24,  28,  32,  36  teeth,  etc.,  the  gears  are  said  to  vary  by  4, 
and  the  number  of  teeth  in  each  gear  is  divisible  by  4.  If 
the  gears  have  18,  24,  30,  36.  42,  etc.  teeth,  they  are  said  to 
vary- by  6,  and  the  number  of  teeth  in  each  gear  in  the  set 
is  divisible  by  6.  If  the  set  has  gears  having  21,  28,  35,  42, 
49,  etc.  teeth,  they  vary  by  7,  and  the  number  of  teeth  in 
each  gear  in  the  set  is  divisible  by  7.  The  smallest  would 
be  21  and  the  largest  112  or  119.  Each  stack  of  change  gears 
also  has  two  gears,  near  the  middle  of  the  range,  that  are  of 
equal  size,  as  two  gears  of  44,  48,  or  56  teeth,  which  are  used 
to  cut  a  thread  of  the  same  pitch  as  the  lead  screw. 

43.  Reversing  Hechanlsms. — The  direction  in  which 
the  lead  screw  turns  is  determined  by  adding  or  removing 
a  gear  from  the  train  connecting  the  spindle  with  the  lead 
screw.     The  tumbler  gear  is  used  for  this  purpose,  and  also 
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when  changing  frran  right-hand  to  left-hand  threading.  The 
direction  of  rotation  of  the  work  is  reversed  by  the  counter- 
shaft or  by  operating  the  reversing  gear  in  the  main  drive 
of  the  geared  head,  to  retiim  the  carriage  and  the  tool  to  the 
starting  point  for  a  fresh  cut. 

44.     Arrangement    of    Change    Gearing.— There    are 

two  kinds  of  lathes  used  for  cutting  threads,  known  as  simple- 


geared  laSies,  in  which  two  change  gears  are  calculated,  and 
compound-geared  lathes,  in  which  four  gears  are  calculated. 
A  simple-geared  lathe  is  shown  in  Fig.  23  and  a  compound- 
geared  lathe  in  Fig.  24.  The  spindle  of  the  engine  lathe  may 
make  one  or  more  turns  to  one  turn  of  the  lead  screw.  The  ' 
number  of  turns  is  regulated  by  the  size  of  the  spindle  and 
stud  gears  b  and  d,  Fig.  23.  If  the  gears  are  of  the  same  size, 
the  spindle  and  the  lead  screw  will  tian  at  the  same  rate; 
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but  if  the  spindle  gear  has  only  half  as  many  teeth  as  the 
stud  gear,  the  stud  will  turn  once  to  two  turns  of  the  spindle. 
If  the  spindle  and  stud  gears  are  equal  and  two  change  gears 
of  the  same  size  are  placed  on  the  stud  and  lead  screw  in  the 
places  of  the  stud  and  screw  gears  e  and  g,  Fig.  23,  the  lead 
screw  will  make  the  same  number  of  turns  as  the  spindle 
and  the  screw  thread  cut  will  have  the  same  pitch  as  the 


lead  screw.  If,  however,  the  stud  has  its  fixed  gear  d  twice 
as  large  as  the  spindle  gear  h  and  equal  change  gears  are  used, 
the  thread  cut  will  have  twice  as  many  threads  per  inch  as 
the  lead  screw. 

45.  Lead  of  Ia.the. — The  distance  that  the  carriage  wiD 
travel  along  the  bed  during  one  complete  turn  of  the  work, 
when  gears  of  the  same  size  are  used  on  the  stud  and  the 
lead  screw,  is  the  lead  of  a  lathe.     If  the  gear  on  the  spindle 
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is  of  the  same  size  as  the  gear  on  the  stud,  so  that  they  turn 
at  the  same  speed,  the  lead  of  the  lathe  is  equal  to  the  pitch 
or  lead  of  the  lead  screw;  but  if  the  gear  on  the  stud  is  twice 
the  size  of  the  gear  on  the  spindle,  the  lead  of  the  lathe  will 
be  only  half  as  great  as  before.  When  the  fixed  gears  on 
the  spindle  and  on  the  stud  are  equal — that  is,  when  the 
gears  b  and  d.  Pigs.  23  and  24,  are  equal — the  lathe  is  said 
to  be  geared  1  to  1;  but  when  the  stud  gear  d  has  twice  as 
many  l^th  as  the  spindle  gear  b,  the  lathe  is  said  to  be  geared 
1  to  2.  When  a  lathe  is  geared  1  to  1,  the  reciprocal  of  the 
lead  of  the  lathe  is  the  same  as  the  acttial  number  of  threads 
per  inch  of  the  lead  screw;  that  is,  if  a  lathe  geared  1  to  1  is 
found  to  have  a  lead  of  J  inch,  the  lead  screw  has  four  threads 
per  inch.  If  the  same  lathe  Were  geared  1  to  2,  the  lead  of 
the  lathe  would  be  i  inch,  and  the  reciprocal  of  this  lead, 
or  8  would  be  the  elective  number  of  threads  per  inch  of  the 
lead  screw;  that  is,  the  effect  would  be  the  same  as  though 
the  lead  screw  had  eight  threads  per  inch  and  the  lathe  was 
geared  1  to  1. 

46.  To  find  the  lead  of  a  lathe,  change  gears  of  equal 
sizes  are  put  on  the  stud  and  the  lead  screw.  The  spindle  is 
then  turned  forwards  enough  to  take  up  the  backlash  in  the 
gearing  and  the  lead  screw  nut.  The  position  of  the  large 
cone  gear  in  relation  to  the  head  is  marked  on  the  head,  and 
a  rxile  is  placed  on  the  lathe  bed  with  its  end  against  the  car- 
riage. Exactly  one  turn  is  then  given  to  the  spindle  and 
the  distance  between  the  end  of  the  rule  and  the  carriage 
is  measured.  This  is  the  lead  of  the  lathe.  Some  lathes 
are  built  with  a  cone,  usually  of  three  gears  of  different  size, 
any  one  of  which  may  be  used  to  get  a  different  speed  ratio 
between  the  spindle  and  screw.  The  shaft  on  which  they 
are  carried  is  hollow.  A  pin  carrying  a  key  passes  through 
the  shaft,  and  when  in,  out,  or  central,  a  different  gear  is  engaged 
by  the  key,  thus  giving  three  pitches  that  can  be  assumed 
for  the  lead  screw. 

47.  Calealatlng  Simple  Change  Gears. — If  the  desired 
munbei  of  threads  can  be  cut  by  the  use  of  simple  gearing. 
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the  sizes  of  the  change  gears  required  may  be  found  by  the 
following  rule: 

Rule. — F(frm  a  fraction  whose  numeralor  is  the  reciprocal 
oj  the  lead  oj  the  lathe  and  whose  denominator  is  the  number  oj 
threads  per  inch  to  be  cut;  then  multiply  each  by  the  difference 
of  the  numbers  of  teeth  in  successive  gears  of  the  change-gear 
stack,  or  a  multiple  of  that  di^erence.  The  numeralor  and 
denominator  of  the  resulting  fraction  will  then  denote  ike  numbers 
of  teeth  in  the  required  change  gears. 

The  gear  having  the  number  of  teeth  corresponding  to  the 
numerator  of  the  fraction  thus  foimd  should  be  placed  on 
the  stud,  as  at  e,  Fig.  23,  and  'the  gear  corresponding  to  the 
denominator  should  be  placed  on  the  lead  screw,  or  at  g- 

48.     Catculatlng    Compound     Change     Oears. — The 

following  rule  should  be  used  to  find  the  sizes  of  the  change 
gears  required  to  cut  a  given  thread  by  the  use  of  compound 
gearing: 

Rule.— form  a  fraction  whose  numerator  is  the  reciprocal 
of  the  lead  of  the  lathe  and  whose  denominator  is  the  number  of 
threads  per  inch  to  be  cut;  then  multiply  each  by  the  difference 
of  the  numbers  of  teeth  on  successive  gears  of  the  change-gear 
stack.  Factor  the  fraction  thus  found  into  two  other  fractions, 
and  then  multiply  the  numerator  and  denominator  of  each  of 
these  latter  fractions  by  some  number  that  will  gitje  products  equal 
to  numbers  of  teeth  in  gears  in  the  gear  stack.  The  numbers 
thus  found  mil  be  the  numbers  of  teeth  in  the  required  change 
gears. 

After  finding  the  two  fractions  whose  product  is  equal  to 
the  first  fraction,  it  may  be  necessary  to  make  one  or  more 
trials  in  multiplying  each  by  some  number,  before  the  result 
will  show  numbers  that  correspond  to  the  numbers  of  teeth 
in  the  change-gear  stack.  The  gears  corresponding  to  the 
numerators  of  these  fractions  are  placed  on  the  stud  and  the 
idler  stud,  respectively,  or  at  e  and  /,  Fig.  24.  The  gears 
corresponding  to  the  denaninators  are  placed  on  the  idler 
stud  and  the  lead  screw,-  or  at  k  and  g,  respectively. 
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49.  Examples  of  f'hange-Gear  Calculations. — The. 
rules  given  in  Arts.  47  and  48  cover  all  cases  in  which  it  is 
necessary  to  calculate  the  sizes  of  change  gears.  To  illustrate 
how  these  rules  are  applied  in  solving  various  problems,  the 
following  examples  and  solutions  are  given: 

ExAUFLB  1. — A  lathe  that  is  geared  1  to  1  has  a  lead  screw  with 
4  threads  per  inch,  and  the  gears  in  the  gear  stack  vary  by  6  teeth  from 
18  to  120.  What  dmple  change  gears  should  be  used  to  cut  a  sctcw 
with  8  threads  per  inch? 

Solution. — As  the  lathe  is  geared  1  to  1,  the  lead  is  equal  to  the  pitch 
of  the  lead  screw,  or  J  in.,  and  the  reciprocal  of  the  lead  is  therefore  I  +  i 
-4.  Applying  the  rule  of  Art.  47,  the  fraction  is  i.  The  difference 
between  the  numbers  of  t«eth  of  two  successive  gears  in  the  stack  is  6. 

Then,  ^^-."S'J-    The  required  change  gears  are  therefore  those  having 


EXAUFLS  2. — Assumii^  that  the  lathe  in  example  1  is  geared  1  to  2, 
find  the  change  gears  required. 

Sm.ijTioN. — As  the  lathe  is  geared  1  to  2,  the  lead  of  the  lathe  is  half 
the  pitch  of  the  lead  screw,  or  J  xi  =  |  in.  The  reciprocal  of  i  is  8.  Apply- 
ing the  rule  of  Art.  47,   then,         o^J?-     The  change  gears  required 


Example  3. — A  tathe  geared  1  to  2  has  a  gear  stack  ranging  from  18 
to  120,  varying  by  6  teeth,  and  the  lead.screw  ha?  5  threads  per  inch.  What 
ccnnpound  change  gears  may  be  used  to  cut  a  screw  having  25  threads 
per  inch? 

S(H.unON. — As  the  gearing  is  compound,  four  gears  are  to  be  found. 
The  lathe  is  geai^  1  to  2,  so  that  the  lead  of  the  lathe  is  tV  in.,  and  the 

reciprocal  of  -jV  is  10.    Applying  the  rule  of  Ait.  48,  --       =  iViJ.    Factor- 


-tJ.    As  the  change-gear  stack  has  gears  with  72,  90,  30,  and  60  teeth, 
these  may  be  used  as  the  four  change  gears.    Ans. 

BxAHPLE.  4. — It  is  desired  to  cut  1  thread  per  inch  on  a  lathe  having 
a  lead  screw  with  6  threads  per  inch.  If  the  gear  stack  varies  by  5  teeth 
from  20  to  100  and  the  lathe  is  geared  1  to  1 ,  what  four  change  gears  may 
be  used? 
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Solution. — The  lead  of  the  lathe  is  the  same  as  the  pitch  of  the  lead 
screw,  or  i  in.,  because  the  lathe  is  geared  1  to  1.    The  reciprocal  of  |  is  6. 

Applying  the  nile  of  Art.  48,   ^^g-V-    But,  ^-^--^Xf 

Tlien.  T^f =H  and  ^^^=f8-    As  there  are  geaw  (rf  fiO,  25,  60,  and 

o  X5  1  X2u 

20  teeth  in  the  stack,  these  four  gears  will  cut  the  required  thread.    Ans. 

Example  5. — A  screw  having  ftj  threads  per  inch  is  to  be  cut  on  a 
lathe  geared  1  to  2,  with  a  lead  screw  having  8  threads  per  inch.  If  the 
-  gear  stack  has  gears  varying  by  6  teeth  from  18  to  120,  what  two  change 
gears  may  be  used? 

Solution. — As  two  gears  are  to  be  used,  ^mple  gearing  is  to  be  employed, 
and  as  the  lathe  is  geared  1  to  2,  the  lead  is  half  the  pitch  of  the  lead  screw, 
or  t's  in-    The  reciprocal  of  ^  is  18.    Applying  the  rule  of  Art.  47, 

-jDyn" — X — ~^.    As  the  fraction  ^§  cannot  be  multiplied  by  any 
of    ^     1     20 

whole  number  that  will  give  gears  contained  in  the  stack,  it  is  necessary  to 
reduce  it  first  to  lower  terms;  thus,  J^^V-    Then,  multiplyir^  this  by 

the  munber  of  teeth  by  which  the  gears  vary,  Ty«"^'  *"'  '^'  "** 

required  gears  have  72  and  30  teeth.    Ans. 

EXAHFLB  6. — A  lathe  geared  1  to  1  has  a  lead  screw  with  6  threads  per 

mch  and  a  gear  stack  varying  by  8  teeth  from  18  to  120.     What  change  gears 
must  be  used  to  cut  3j  threads  per  inch,  if  compound  gearing  is  employed? 

Solution.— The  lead  of  the  lathe  is  }  in.  or  the  pitch  of  the  lead  screw, 
because  the  lathe  is  geared  1  to  1.    The  reciprocal  of  J  is  6.    Applying  the 

nUe  of  Art.48,  '^=^-fXi^-fi.    Then,  «X*=W.    But.W 

=  Hxi.     Then,   ~^l-n.   and  gjjg  =  «.     Hence,   the   tour  change 
gears  have  06,  78,  54,  and  36  teeth.    Ans. 

50.  Sometimes  the  pitch  of  the  thread  to  be  cut  is  stated, 
instead  of  the  number  of  threads  per  inch.  In  a  case  of  this 
kind  all  that  is  necessary  is  to  find  the  number  of  threads 
per  inch  corresponding  to  the  pitch,  and  then  to  apply  the 
rule.  The  number  of  threads  per  inch  is  equal  to  the  reciprocal 
of  the  pitch;  that  is,  it  is  equal  to  1  divided  by  the  pitch. 
Thus,  if  it  is  desired  to  cut  a  thread  of  j-inch  pitdi,  the  lathe 
should  be  geared  to  cut  l-i-|  =  lX|  =  |-2|  thr^ds  per  inch. 
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The   following  examples   and   solutions  will   serve   to   make 
these  points  clear: 

Example  1.— A  thread  of  f-inch  pitch  is  to  be  cut  on  a  lathe  geared 
1  ti)  t  and  having  a  lead  screw  with  6  threads  per  inch.  Find  two  change 
gears  that  will  cut  the  required  pitch,  if  the  gear  stack  has  gears  from  IS 
to  120  teeth  varying  by  6  teeth. 

Solution. — As  the  lathe  is  geared  1  to  I  and  the  lead  screw  has  6  threads 
per  inch,  the  lead  of  the  lathe  is  i  in.,  and  the  reciprocal  of  t  is  6.     If  the 

pitch  is  I  in.,  the  number  of  threads  per  inch  is  I+q^'IX-— -■>2|. 

6      6    8     6    3     IS      ,„         18X6     ,oa 

that  is,  the  change  gears  may  have  108  and  48  teeth.    Ans. 

Example  2.^A  lathe  geared  1  to  2  has  a  lead  screw  of  j-inch  pitch  and  a 
gear  stack  ranging  from  24  to  144  teeth  by  12.  What  two  change  gears 
may  be  used  to  cut  a  screw  of  4  threads  per  inch? 

Solution. — As  the  lathe  is  geared  1  to  2,  the  lead  of  the  lathe  is  ^xj 
■>  j  in.,  and  the  reciprocal  of  f  is  1—2^.  Applying  the  rule  of  Art.  47, 
2i    8     ,    8    1      8      „         8X12 

T-s^'-s'^i-*  ""^  r    - 

have  96  and  144  teeth.    Ans. 

Example  3. — The  lead  screw  of  a  lathe  geared  1  to  1  has'l^inch  pitch 
and  the  gear  stack  varies  by  5  teeth  from  20  to  120.  Find  two  change 
gears  to  cut  a  thread  of  2^  inches  pitch. 

Solution. — If  the  pitch  is  f  in.,  and  the  lathe  is  geared  1  to  1,  the  lead 
of  the  lathe  is  equal  to  the  lead  screw  pitch,  or  f  in.  The  reciprocal  of 
iist=lf.    IfUiescrewtobecuthasapitchof2jin.,ithasl+2|-lXTS- 

-■rtrthreadperin.  Applyingtheruleof Art.47,-T— |-i-i*r-lxV-=H. 

IT 
This  fraction  cannot  be  multiplied  by  any  whole  number  that  will  give 
gears  contained  in  the  stack,  so  it  must  first  be  reduced  to  lower  terms; 

that  is,  ^"V.    Then,  —      =  Vi?;  that  is,  the  required  change  gears 

have  1 10  and  25  teeth.    Ans. 

51.  Chang©  Gears  for  Metric  Threads. — It  may  be 
necessaiy  to  cut  metric  threads — that  is,  threads  made  by 
the  metric  system  of  measurements — on  a  lathe  having  a  lead 
screw  made  to  inch  units,  or  to  cut  threads  per  inch  on  a 
lathe  having  a  metric  lead  screw.  The  change  gears  required 
may  be  found  by  the  rules  already  given ;  but  in  order  to  apply 


^dbyGoOgle 


32  LATHE  WORK  §  19 

these  rules,  it  is  necessary  first  to  change  the  metric  threads 
into  the  corresponding  threads  per  inch,  A  meter  is  39-37 
inches,  and  a  millimeter  is  .03937  inch;  hence,  millimeters 
may  be  changed  to  inches  by  multiplying  by  .03937  and 
inches  to  millimeters  by  dividing  by  .03937,  The  following 
example  and  solution  will  show  the  method  of  procedure  to 
be  used: 

E.tAMpLE.^It  is  desired  to  cut  a  metric  screw  having  a  pitch  of  2  milS- 
metcrs  on  a  lathe  that  has  a  lead  screw  with  8  threads  per  inch.  Find  the 
change  gears  required,  if  the  lathe  is  geared  1  to  1  and  the  gear  stack  ranges 
by  5  teeth  from  20  to  100. 

Solution.— A  pitch  of  2  mm.  is  the  same  as  2 X  .03937  -  .07874  in. 
The  number  of  threads  per  inch  to  be  cut  is  therefore  1-!- .07874.- 12.7. 
The  lead  of  the  lathe  is  equal  to  the  pitch  of  the  lead  screw,  or  ^  in.,  as  the 
lathe  is  geared  1  to  1.     The  reciprocal  of  §  is  8.     Applying  the  rule  of  Art. 

48,—-    ,f,=-A°f-    There  is  an  80-tooth  geax  in  the  gear  stack,  and  it 

a  12r-toothgearisnot  onhand,  it  must  be  made.  The  two  gears  therefore 
contain  80  and  127  teeth.  Ans.  The  80-tooth  gear  goes  on  the  stud  and 
the  127 -tooth  gear  on  the  lead  screw. 

Compotmd  gearing  may  be  used  instead  of  simple  gearii^, 
if  desired.     For  instance,  in  the  example  just  given,  the  fraction 

is  1^,  which,  when  factored,  becomes  WV  =  — ^=iWrXf 

Then,  one  pair  of  gears  will  have  40  and  127  teeth.    For  the 
2X25 


used.  A  127-tooth  gear,  known  as  a  translating  gear,  is 
always  used  in  cutting  metric  threads  with  a  lathe  having 
a  lead  screw  based  on  inch  units,  because  127  is  the  smallest 
whole  number  of  millimeters  that  is  practically  equal  to  a 
whole  number  of  inches;  for  127 X  03937  =  4.99999,  which  is 
practically  5. 

CirTTINO    HC-RBW    THREADS 

53.  Operation  of  C'ultlii^  Tli remix.— The  piece  to  be 
threaded  should  have  the  center  holes  well  deahed  and  oiled. 
A  dog  is  clamped  securely  on  the  end  opposite  the  one  to  be 
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threaded  and  the  work  is  adjusted  to  turn  freely  between 
the  centers.  The  part  to  be  threaded  is  turned  to  a  uniform 
diameter,  which  often  is  -^  inch  under  size  so  that  there  will 
be  no  danger  of  the  threads  bearing  on  the  points.  The 
thread  tool  is  set  square  to  and  at  the  height  of  the  axis  of 
the  work  and  damped  securely.  The  change  gears  are  calcu- 
lated, if  necessary,  placed  in  position,  and  clamped  so  that 
nothing  can  shp  while  the  thread  is  being  cut.  The  feed 
should  be  set  to  move  the  carriage  toward  the  headstock 
to  cut  a  right-hand  thread,  and  in  the  opposite  direction  to 
cut  a  left-hand  thread.  The  tumbling  gear  may  be  employed 
for  this  purpose.  The  tool  is  fed  in  imtil  the  point  just  touches 
the  work  as  the  lathe  runs  forward.  A  light  cut  is  traced 
on  the  work  to  the 
end  of  the  thread, 
where  the  lathe  is 
stopped. 

63.  After  the  first 
cut  is  made  on  the 
work  with  the  point 
of  the  tool,  it  is  good 
practice  to  hold  a  scale 
against  the  threads 
and  count  the  number 
to   the    inch    to    see 

whether  the  lathe  is  cutting  correctly.  If  a  mistake  i 
covered  it  can  be  rectified ;  if  the  error  of  pitch  is  not  discovered 
until  the  thread  is  ciit,  there  is  no  remedy.  If  correct,  the  stop 
is  set  or  the  graduated  sleeve  on  the  cross-feed  screw  is  set  to 
zero.  The  tool  is  then  drawn  back  by  a  turn  or  two  of  the 
cross-feed  screw  and  the  lathe  reversed  to  run  the  carriage  back 
to  the  starting  point.  The  tool  is  fed  in  the  required  distance 
for  another  cut  and  run  over  the  thread  as  before.  These  opera- 
tions are  repeated  until  the  thread  is  cut  to  such  a  depth  that 
it  will  screw  into  a  nut  or  tap]H;d  hole  and  show  a  good  bearing 
on  the  sides  of  the  threads.  The  last,  or  smoothing,  cuts 
should  be  very  light. 
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64.  Graduated  Dial  on  Cro8s*Fee<I. — The  increased 
depth  of  each  succeeding  cut,  when  forming  a  screw  thread, 
may  be  regulated  by  the  attachment  shown  in  Fig.  25.  It 
consists  of  a,  sleeve  a  that  is  firmly  fixed  in  the  saddle  b  and 
that  forms  a  bearing  for  the  cross-feed  screw  c.  A  graduated 
dial  d  is  placed  on  the  outer  end  of  the  stem  of  the  feed-screw 
and  is  made  adjustable,  so  that  its  zero  can  be  set  in  line  with 
a  mark  on  the  sleeve  a  when  the  point  of  the  threading  tool 
is  just  touching  the  work.  At  each  succeeding  cut  the  screw  c 
is  turned  more,  and  the  dial  d  shows  the  depth  to  which  the 
tool  cuts.  The  dial  is  graduated  to  read  in  sixty-fourths 
or  in  thousandths  of  an  inch. 

55.  Screw  Stop. — ^The  older  lathes  commonly  had  a 
thread  stop  damped 
on  the  cross-slide,  or 
some  similar  method 
was  used  to  gauge  the 
depth    of    cut    when 

I  threading.  Such  a 
stop  is  arranged  on 
the  cross-slide,  as 
shown  at  b,  Fig.  26. 
The  stop  is  rigidly 
fastened  to  the  slide 
by  tightening  the  setscrew  a.  An  adjusting  screw  s,  with  a 
large  shoulder  and  a  kntirled  head,  passes  loosely  through  the 
stop  and  screws  into  the  tool  block  (.  When  the  stop  is 
adjusted  as  shown,  the  tool  and  tool  block  can  be  moved  away 
from  the  work,  as  the  screw  s  is  not  threaded  in  the  stop- 
block  b.  When  the  block  is  moved  forwards,  it  can  move  only 
until  the  head  of  the  screw  5  comes  against  the  stop.  After 
the  tool  has  passed  over  the  work  and  it  is  desired  to  take  a 
deeper  cut.  the  stop-screw  s  is  unscrewed  a  partial  turn;  the 
tool  is  thus  allowed  to  advance  slightly,  depending  on  the 
amount  the  screw  is  turned. 

56.  When  cutting  inside  threads,  the  stop  shown  in  Fig.  26 
may  be  used  by  taking  the  screw  out  of  the  stop  and  putting 
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it  in  the  tool  block  so  that  it  comes  between  the  tool  block 
and  the  stop.     For  inside  screw  cutting,  it  is  necessary  to 
move  the  tool  in  an  opposite  direction,  to  take  the         & 
tool  out  of  the  cut,  from  that  required  in  outside  "yv 
screw  cutting.     The  stop-screw  must  therefore  be  so 
adjusted  that  the  head  of  the  screw  comes  against  the 
stop.     Deeper  cuts  may  be  made  by  tiuTung  the 
screw  into  the  tool  block. 

57.'  Sldewlse  Spring  of  Tliread  Tool. — ^When 
the  thread  tool  starts  into  the  cut,  there  is  a  tendency 
for  the  tool  to  spring  to  one  side,  away  from  the  work, 
before  both  sides  are  supported  in  the  cut,  and  for 
the  first  half  revolution  the  cutting  is  done  only  by  '^- '" 
one  edge.  The  tool  will  thus  be  sprung  away  from  the  cut. 
After  the  work  has  made  a  complete  revolution,  the  pressures 
on  the  two  sides  of  the  tool  balance  each  other  and  the 
tendency  to  spring  sidewise  is  gone.  This  spring  of  the  tool 
will  make  the  first  thread  on  the  work  shghtly  thicker  than 
the  others,  so  that  in  testing  the  work  the  nut  will  be  found  to 
be  tight  on  the  end,  and  after  it  has  passed  over  this  thick 
thread,  the  fit  will  be  loose.  This  condition  may  be  avoided 
by  taking  two  or  three  light  cuts  over  the  first  thread  and 
cutting  it  a  little  deeper  than  the  following  threads,  when 
cutting  V  threads.  If  a  square  thread  is  being  cut,  the  high 
side  of  the  thread  must  be  so  filed  that  it  will  be  of  the  same 
thickness  as  the  thread  where  both  sides  of  the  tool  were  in 
the  cut, 

58.  Breakage  of  Thread  Tools. — Sometimes  the  point 
of  the  thread  tool  will  be  chipped 
T  from  the  right  side,  as  shown  in 
i  Fig.  27.  This  kind  of  break  is 
usually  caused  by  the  slipping  of 
the  dog.  The  breaking  strain  was 
toward  the  right  in  the  direction  of 
the  arrow.  When  the  tool  takes 
a  heavy  cut  and  the  dog  slips,  the  work  will  stop  revolving 
while  the  lathe  and  feed  continue.     When  the  feed  continues 


^dbyGoOgle 


LATHE  WORK 


§19 


and  the  tool  point  is  in  the  thread,  the  tool  must  either  slip 
or  break.  Sometimes  a  tool  will  break  by  chipping  off  the 
top  face,  as  indicated  in  Fig.  28.  Such  a  break  indicates 
that  the  lathe  was  reversed  and  the  work  was  running  back- 
wards before  the  tool  was  withdrawn  from  the  cut.  If  the 
thread  tool  is  too  hard,  the 
point  will  crumble;  if  too 
heavy  a  cut  is  taken,  the 
point  will  be  either  broken 
downwards  or  burned  off. 

59.  Correct     Height 
of    Thread     Tool.— The 

point  or  top  face  of  the 
thread  tool  should  be  set 
level  with  the  center  of  the 
work,  or  so  that  a  line 
drawn  from  that  point 
through  the  point  of  the 
tool  will  lie  flat  with  the 
top  fa<^  of  the  tool  and 
square  with  the  axis  of  the 
work.  A  thread  of  correct 
angle  will  thus  be  cut.  If 
the  thread  tool  is  set  too 
high  or  too  low  the  threads 
\  will   neither   be   cut   deep 

i  V\  enough  nor  have  the  coirect 

i — iA,-.....B    angle  and  the  sides  will  be 
curved  instead  of  straight. 

60.  Top    Rake    of 
Threading    Tools. — The 

^'°  *  ordinary  threading  tool  that 

cuts  with  its  two  edges  cannot  be  given  any  top  rake  or 
keenness.  A  thread  may  be  cut  with  a  tool  having  top  rake 
by  using  the  compound  rest  set  at  an  angle  of  60°  with  the 
center  line  of  the  work,  as  shown  in  Fig.  29  (a),  and  a  tool 
shown  in  (i).     The  tool  is  ground  so  that  the  broad  cutting 
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edge  CD  makes  an  ai^Ie  of  60°  with  the  side  of  the  tool, 
and  the  top  face  is  given  slope  or  top  side  rake.  When 
the  cut  is  taken,  the  tool  is  fed  into  the  work  by  the  com- 
pound rest.     As  the  rest  is  set  at  an  angle  of  60°,  it  is  evident 


that  the  blank  side  A  B  oi 
the  tool  will  just  slide  by 
the  side  of  one  thread  while 
all  the  cutting  is  done  with 
the  keen  edge  C  D  oi  the 
tool. 

61  •    A    threading    tool 
with  top  rake  is  often  used,  p,o  30 

however,  for  cutting  coarse 
threads  on  worms  or  hobs.  The  tool  is  made  as 
in  Fig.  30,  but  with  the  cutting  edge  at  right 
angles  to  the  shank,  and  so  narrow  that  it  can  be 
fed  to  the  bottom  of  the  thread.  The  thread  to 
be  cut  is  first  roughed  out  with  a  plain  tool 
similar  to  the  tool  used  for  cutting  a  square  thread.  The  com- 
pound rest  is  then  set  to  the  angle  of  the  side  of  the  thread,  and 
the  tool  is  fed  down,  first  one  side  and  then  the  other,  until  the 
space  is  of  the  right  width.  This  method  is  frequently  used 
when  threads  are  too  coarse  to  be  cut  with  a  single  tool. 


CUTTINO    MUI/riPLE    THBEADS 

62.  Cutting  Double  Threads,— When  a  double  or 
other  multiple  thread  is  to  be  cut,  two  or  more  threads  must 
be  cut  in  the  space  that  ordinarily  would  be  required  for  a 
single  thread.  A  double  V  thread  is  cut  by  gearing  the  lathe 
to  cut  the  lead  of  the  double  thread,  which  is  twice  the  pitch 
of  a  single  thread  of  the  same  height.  Proceed  as  in  cutting 
a  single  thread  until  the  space  left  between  the  grooves  is 
equal  to  the  width  of  the  grooves,  as  shown  in  Fi[^.  30.  The 
work  is  then  given  half  a  turn  so  that  the  point  of  the  tool 
will  be  opposite  the  center  of  the  uncut  part,  as  shown.  The 
work  may  be  given  this  half  turn  by  removing  and  turning  it 
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so  that  the  tail  of  the  dog  is  in  the  notch  of  the  face  plate 
diametricaUy  opposite  the  one  used  for  the  first  thread. 

63.  If  the  face  plate  is  not  evenly  slotted  for  multiple 
threading,  another  and  better  method  for  giving  the  half 
turn  is  to  disconnect  the  feed-gears,  and  then  turn  the  lathe 
spindle  and  the  work  half  a  turn.  Suppose  a  change  gear 
with  forty-eight  teeth  is  on  the  stud.  One  of  its  teeth  that 
meshes  with  the  idler,  and  also  the  tooth  diametrically  oppo- 
site it  on  the  stud  gear  are  marked  with  chalk,  and  the  mark 
is  carried  onto  the  idler  gear,  after  which  the  two  gears  are 
disconnected  by  dropping  the  idler  yoke.  The  spindle  and 
work  are  then  turned  so  that  the  stud  change  gear  passes 


over  half  its  number  of  teeth,  or  twenty-four  teeth.  The 
work  will  have  made  half  a  revolution  when  the  second  mark 
on  the  stud  gear  coincides  with  the  mark  on  the  idler  gear. 
The  gears  are  then  brought  in  mesh  and  the  second  thread 
cut  the  same  as  the  first.  If  the  lathe  is  compound-geared 
between  the  spindle  and  stud,  instead  of  tumii^  the  stud 
gear  half  a  turn,  it  is  turned  a  proportional  part,  depending 
on  the  ratio  of  the  compound.  If,  for  example,  the  spindle 
makes  two  turns  to  one  of  the  stud,  the  stud  gear  would  make 
a  quarter-turn. 

64.     Cutting  Triple  Threads. — After  the  first  thread 

is  cut,  the  space  between  the  grooves  should  be  double  the 
width  of  the  groove.     The  work  is  given  a  third  of  a  revo- 
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lution  and  the  second  thread  cut,  after  which  another  third 
of  a  revolution  is  given  and  the  third  thread  is  cut.  A  giTnilar 
method  is  used  for  cutting  quadruple  threads. 


CDTTTNO  INStDB  THBBAD8 
65.  Holding  Work  for  Cutting  Inside  Thread. 
When  an  internal  thread  is  to  be  cut  in  the  lathe  the  work 
is  held  in  a  chuck  or  on  a  face  plate,  the  same  as  for  boring. 
If  the  work  is  long,  one  end  is  held  in  the  chuck  or  on  the 
live  center,  and  the  outer  end  is  supported  in  a  steady  rest 
while  the  boring  and  threading  are  being  done.  If  the  work 
is  held  on  the  center,  a  hold-back  is  reqiared.  One  form  of 
hold-back  is  shown  in  Fig.  31,  where  a  rawhide  belt  lace  is 


used.  The  dog  is  clamped  on  the  work  as  usual,  and  the 
work  is  placed  on  the  center,  after  having  unscrewed  the 
face  plate  half  way  off.  The  lace  is  then  used  as  shown,  to 
lash  the  dog  to  the  face  plate,  after  which  the  ends  of  the 
lace  are  securely  tied.  The  face  plate  is  then  screwed  home, 
which  draws  the  lace  tight  and  the  work  into  position. 

•  66.  A  special  hold-back  dog  is  shown  in  Fig.  32.  It 
consists  of  a  clamp  dog  a  secured  to  the  work  and  has  two 
slotted  arms  b  through  which  studs  c  pass  and  enter  slots 
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or  holes  in  the  face  plate.  Nuts  d  on  the  other  ends  of  studs 
are  used  to  take  up  the  slack  and  bring  the  work  firmly  against 
the  live  center. 

A  very  good  hold-back  is  made  from  a  piece  of  hard  wood 
1  inch  thick,  of  any  required  length  and  width.  A  large 
hole  is  bored  central  for  the  work  to  pass  through  and  a  hole 
near  each  end  for  each  of  two  i-  or  j-inch  bolts.  The  wooden 
hold-back  is  slipped  on  the  work  and  the  dog  fastened  as 
in  Fig.  31.  The  hold-back  is  then  brought  up  against  the 
dog  and  the  bolts  are  passed  through  it  and  the  face  plate, 
as  in  Fig.  32.  Enough  tension  is  put  on  the  bolts  to  hold 
the  work   back   against   the   live  center  without   springing. 

67.  Tools  for  Cutting  Inside  Threads. — Inside-thread 
tools  are  similar  to  boring  tools,  except  that  the  point  is  ground 
to  the  shape  necessary  to  cut  the  desired  thread.     In  grinding 


an  inside-thread  tool  for  a  V  or  a  United  States  standard 
thread,  the  point  is  ground  to  fit  the  gauge  when  the  back 
of  the  gauge  is  nearly  parallel  to  the  shank  of  the  tool,  as 
in  Fig.  33  (a).  If  the  tool  fitted  the  gauge  when  held  in  the 
position  shown  in  (b),  it  would  not  go  far  into  the  hole  before 
the  back  of  the  tool  would  touch  the  back  of  the  hole. 

68.  Setting  jn-slde-Thread  Tool. — The  inside-thread 
tool  is  set  by  placing  one  of  the  long  parallel  edges  of  the 
center  gauge  against  the  face  side  of  the  work  so  that  the 
pointed  end  faces  the  thread  tool  clamped  loosely  in  the  tool 
post.  The  inside-thread  tool  is  then  set  so  that  an  edge 
of  the  tool  is  even  with  the  angular  edge  of  the  gauge.  It 
may  also  be  set  by  placing  the  legs  of  the  center  gauge  against 
the  true  faced  surface,  and  setting  the  tool  to  the  small  notth 
in  the  side  of  the  gauge.  Fig.  34  (a)  and  (fc)  shows  methods 
of  holding  the  gauge  against  the  work  in  order  to  set  the 
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tool  true.    Fig.  35  shows  the  result  of  bad  grinding,  which 
necessitates  setting  the  shank  of  the  tool  at  an  angle  with 


the  axis  of  the  hole,  and  it  also  shows  how  the  tool  may  be 
pushed  so  far  away  from  its  cut  at  the  front,  when  running 
the  lathe  backwards,  that  the  tool  will  drag  in  the  hole  and 
spoil  the  first  threads. 

69.     operation    of   Cutting    Inside    Threads. — When 
the  inside  thread  tool  is  correctly  set  and  the  change  gears 
are  in  place,  the  point  of  the  tool  is  brought  up  to  the  surface 
of  the  hole  next  to  the  workman,  and  a  light  cut  is  traced 
through  the  hole.     The  stop  or  dial  is  set,  and  the  tool  is 
moved  out  of  the  cut  and  backed  out  of  the  hole  by  reversing 
the  lathe.     If  possible,  a  gauge  is  tried 
on  the  traced  thread  to  make  certain 
that  the  gearing  is  correct.     Repeated 
deeper  cuts  are  taken  in  the  same  man-; 
ner  until  the   thread  is  deep  enough. 
Lighter  cuts  are  necessary  when  cutting  f 
an  inside  thread  than  when  cutting  an 
outside   thread,    owing   to   the   greater 
spring  of  the  inside-thread  tool.     The 
spring  is  very  objectionable,  as  it  results 
in  chattering,  so  that  the  threads  will 
usually  be  rough  and  tapered  small  at  fio.36 

the  inner  end.  If  possible,  it  is  best  to  finish  the  internally 
threaded  hole  by  a  tap  guided  by  a  center  in  the  dead  spindle. 
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The  tap  is  well  oiled  and  run  carefully  through  the  chased 
hole,  while  a  wrench  is  kept  on  the  shank  to  prevent  it 
from  turning  with  the  work. 


TBSTINO    INSIDE    THREADS 

70.    Moving  Inside-Thread  Tool  From  Work. — Most 
work  that  is  threaded  on  the  inside  cannot  be  taken  from  the 
lathe  and  must  be  tested  in  place.     The  tool  can  be  moved 
out  of  the  way  by  reversing  the  lathe  and  allowing  the  car- 
ri^e  to  feed  back  far  enough  to  permit  the  gaijge  to  be  used; 
but  this  is  a  very  slow  way  and  is  seldom  employed.    Some- 
times it  is  possible  to  move  the  tool  a  sufficient  distance  to 
one  side,  by  means  of  the  cross-slide,  to  allow  the  gauge  to 
be  tried,     if  the  tool  is  brought  back  to  the  stop  after  the 
work  has  been  tested,  it 
will  be  in  place  to  con- 
tinue the  work, 

71.    Another    method 

is  to  open  the  feed-nut  in 

the  apron,  and  move  the 

carriage  by  hand  out  of 

the  way.     When   this   is 

done,   some   means  must 

be  provided  whereby  the 

carriage  can'  be  brought 

"^■^  back  to  the  same  place 

and  the  feed-nut  locked  as  before.     To  do  this,  the  carriage  is 

run  back  so  that  the  tool  is  an  inch  or  more  out  of  the  hole  and 

then  run  forwards  enough  to  take  up  the  backlash.     A  chalk 

mark  is  then  placed  on  the  V's  at  the  headstod^  end  of  the 

carriage,  and  the  position  of  the  driving  cone  is  noted  or 

marked.     A  better  method  is  to  measure  from  the  point  of  the 

tool  to  the  work,  as  shown  in  Fig.  36.     The  split  nut  is  then 

opened  and  the  carriage  is  run  back  by  hand.     After  testing, 

the  tool  can  be  moved  back  so  that  the  measurement  is  the 

same  as  befdre  and  the  feed-nut  thrown  in.     Care  shoidd  be 
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taken  that  the  spindle  is  not  turned  whUe  the  feed-nut  is  open, 
for  it  will  cause  trouble  in  getting  the  tool  to  start  again  in  the 
correct  place. 

72.  If  the  pitch  of  screw  to  be  cut  is  a  multiple  of  the 
pitch  of  the  lead  screw,  this  care  is  not  necessary,  for  the 
tool  will  come  correctly  into  the  cut  whenever  the  feed-nut 
is  closed  on  the  lead  screw.  When  cutting  these  screws  of 
multiple  pitches  of  the  lead  screw,  it  is  possible  to  keep  the 
lathe  running  forwards  all  the  time  by  throwing  out  the  feed 
and  moving  the  tool  and  carriage  by  hand  back  to  the  starting 
point.     This  operation  will  save  much  time. 

73.  Testing  Inside  Threads  With  Gauge. — After 
the  thread  tool  has  been  moved  away  from  the  work  and 
the  hole  has  been  cleaned,  the  gauge  should  be  screwed  in, 
taking  care  to  have  it  exactly  in  line  with  the  hole.  Care 
always  should  be  taken  to  cut  the  first  thread  deeper,  so  that 
it  is  not  thicker  than  the  others,  owing  to  the  spring  of  the 
tool  at  the  beginning  of  the  cut.  When  a  tap  is  used  in  place 
of  a  gauge,  the  tap  is  sometimes  made  to  take  a  very  light 
cut  from  the  hole,  especially  when  square  threads  are  being 
cut.  When  the  tap  is  used  for  taking  a  hght  cut,  to  finish 
the  thread,  the  tool  is  usually  moved  over  by  means  of  the 
cross-feed,  and  the  dead  center  is  introduced  in  the  center 
in  the  shank  of  the  tap,  to  guide  it  while  it  is  being  run  through 
the  work.  Sometimes,  when  the  piece  is  in  a  rather  light 
chuck,  the  latter  may  be  removed  from  the  spindle  and  the 
work  tried  on  the  piece  that  it  is  to  fit.  This  is  very  often 
done  when  the  thread  being  cut  is  inside  a  new  face  plate 
or  chuck  back,  the  work  being  tried  on  the  spindle  of  the 
lathe  that  it  is  intended  to  fit  while  it  is  still  held  in  the  chuck. 


THBBADINO    TAPERED    WOBK 

74.    Setting    Tool    for    Threading    Tapered    Work. 

Threads  on  tapers  are  cut  by  two  methods,  one  of  which  is 
to  use  the  taper  attachment,  and  the  other  is  to  set  the  dead 


^dbyGoogle 


LATHE  WORK 


center  over.     In  the  first  method,  the  tool  is  set  by  placing 
the  center  gauge  against  the  cylir.drical  part  of  the  work  so 


that  its  back  is  parallel  to  the  axis  and  adjusting  the  tool 
to  the  notch  in  the  front  of  the  gauge,  as  shown  in  Fig.  37. 
The  gauge  could  be  used  in  like  manner  against  the  dead 
spindle.  The  centers,  of  course,  are  in  line  and  the  sides 
of  the  thread  will  make  equal  angles  with  the  axis.  If  the 
dead  center  is  set  over  to  turn  and  thread  a  taper,  the  thread 
tool  is  set  by  placing  the  back  of  the  center  gauge  against 
the  parallel  part  of  the  work  after  the  center  is  set  over,  and 
adjusting  the  tool  to  fit  the  notch  in  the  front  of  the  gauge, 


as  shown  in  Fig.  38.     This  setting  is  necessary  to  bring  the 
sides  of  the  threads  to  equal  angles  with  the  axis  of  the  taper. 
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75.  Cutting  Threads  on  Tapers. — The  taper  attach- 
ment should  be  used  when  cutting  taper  threads,  because 
a  true  taper  thread  cannot  be  cut  by  setting  over  the  center. 
If  the  ppirt  of  a  thread  is  followed  around  a  screw,  it  will 
be  found  to  follow  in  the  line  of  a  true  helix.  If  a  thread 
should  be  so  cut  that,  in  following  this  curve,  it  would  advance 
rapidly  along  the  screw  for  a  part  of  a  turn,  and  slowly  for 
another  part  of  the  turn,  as  when  the  center  is  set  over,  the 
rate  of  advance  not  being  uniform,  then  the  thread  would 
not  be  a  true  thread,  but  would  be  known  as  a  drunken  thread. 
The  set-over  would  also  result  in  a  shorter  pitch  of  the  thread. 


EBROBS    IN    8CBBW    CUTTINO 

76.  Errors  Due  to  Imperfect  Lead  Screws. — ^The 
chances  for  error  in  screws  cut  in  the  lathe  are  numerous. 
The  chief  error  is  the  inaccuracy  of  pitch  due  to  an  imperfect 
lead  screw.  The  best  remedy  for  errors  of  this  Mnd  is  to 
use  a  lead  screw  that  is  known  to  be  perfect  within  a  given 
limit.  All  the  lathes  in  a  shop  should  be  tested,  and  all  par- 
ticidar  screw-cutting  given  to  those  having  the  most  perfect 
lead  screws.  In  cutting  long  screws,  the  work  frequently 
becomes  heated  above  the  temperature  of  the  lead  screw. 
Consequently,  the  screw  being  cut  will  be  short  'when  cool. 
The  remedy  is  to  keep  the  work  axd  with  plenty  of  oil  or 
water. 

77.  Accuracy  of  Lead-Screw  Pltoh. — ^When  screws 
of  accurate  pitch  or  lead  are  desired,  or  when  screws  are 
desired  that  will  be  true  with  the  axis  of  the  work,  they  can 
be  cut  with  more  certainty  on  the  lathe  than  with  dies.  The 
accuracy  of  the  screw  cut  will  depend  on  the  accuracy  of  the 
lead  screw  in  the  lathe  used.  For  ordinary  threads,  the 
ordinary  lead  screw  is  sufficiently  accurate.  When  greater 
accuracy  is  required  for  such  work  as  making  taps  or  dies, 
the  making  of  precision  screws  for  measuring  instruments, 
or  similar  work,  a  lead  screw  that  has  been  most  carefully 
made  and  has  been  tested  all  along  its  length  must  be  used. 
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PBECAVTION8    IN    CVTTINa    THREADS 

78.  Perfectly  Fitted  V  Thread.— A  V  thread  is  sharp 
at  its  point  and  at  its  root,  as  was  shown  in  Pig.  1.     If  a  1-indi 

thread  were  being  cut,  the  thread  would 

be  complete  when  the  groove  cut  by  the 

tool  jttst  formed  the  sharp  point  of  the 

K    thread.     It  is  difficult  to  know  just  when 

a  this  point  is  reached;  therefore,  the  woik 

m  is  taken  from  the  lathe  and  tested  with 

f  a  gauge  or  in  the  piece  it   is  to  fit 

f   Fig.  39  represents  a  section  through  a 

bolt  and  a  nut,  showing  how  accurately 

the  faces  of  the  threads  should  fit  each 

other.     In  practice  it  is  usually  better  to 

Pig.  39  tum  the  part  to  be  threaded  ^  inch 

under  size  to  be  sure  that  the  points  of  the  thread  will  not 

bear  in   the   threaded  hole,   thereby   causing   the  workman 

to  think  that  the  sides  of  the  thread  are  too  full,   and  thus 

leading  him  to  cut  too  deep  and  make  a  loose  fit. 

79.  Callpertng  Threads. — Before  the  final  testing  in 
the  gauge  or  work,  the  thread  may  be  tried  by  the  use  of 
thread  calipers.  These  calipers  are  made  very  thin  on  their 
points,  so  that  they  fit  into  the  V's  of  the  thread  and  measure 
the  diameter  at  the  root,  as  shown  in  Fig.  40.  They  may  be  set 
either  from  a  tap  or  from  a  standard  gauge.     A  micrometer 


with  a  removable  anvil  may  be  arranged  to  caliper  threads 
by  fitting  a  piece  of  drill  rod  or  wire  in  the  anvil  opening 
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opposite  the  spindle,  as  shown  in  Fig.  41.     A  V  corresponding 
to  a  certain  pitch  of  thread  is  cut  central  in  this  piece,  and 


a  mating  point  is  fitted  to  the  measuring  spindle  and  held 
in  position  by  a  setscrew.  The  point  is  ground  to  60°  for 
Y  threads  and  other  points  can  be  ftiade  flattened  for  various 
pitches  of  United  States  standard  threads.  This  micrometer 
attachment  will  not  measure  the  exact  diameter,  but  will 
measure  the  variation  in  size  of  a  thread  or  of  two  or  more 
similar  threads. 

80.  Effect  of  trslng  Dull  Threiad  Tools.— A  bolt 
threaded  with  a  dull-pointed  tool  is  shown  in  Fig,  42.  The 
threads   are   rounded   at    the   bottom 

because  of  the  rounded  point  of  the  tool. 
When  this  kind  of  thread  is  tried  in  a 
perfectly  threaded  nut,  as  shown,  it  will 
not  enter  until  the  thread  is  cut  suffi- 
dently  deep  to  allow  its  rounded  root  to 
pass  in.  This  may  so  hold  the  work 
that  no  lost  motion  can  be  detected  at 
first;  but  the  piece  will  soon  wear  loose, 
as  there  is  no  bearing  on  the  sides  of  the 
threads  as  there  should  be. 

81.  Effect  of  Using  Dull  Taps.  '''°" 

In  the  case  shown  in  Fig.  43,  the  nut  to  be  fitted  has  been 
tapped  with  a  dull  tap,  which  left  the  threads  slightly  rounded 
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in  the  bottom.     When  a  sharp-threaded  screw  of  full  diameter 

is  tried  in  such  a  nut,  it  will  not  enter.     By  cutting  the  screw 

smaller,  it  will  go  in;  but  the  fit  will  be 

as  shown,  the  bearing  being  entirely  on 

the  points  of  the  threads.     In  practice, 

when  the  thread  has  been  cut  to  a  sharp 

[  point   and  will  not  enter,  this  trouble 

I  should  be  looked  for,  and  if  the  threads 

I  in   the   nut   are   found   imperfect,    the 

points  of  the  screw  being  cut  should  be 

slightly  rounded  with  a  file.     A  screw 

thread  should  always  fit  by  bearing  on 

the  sides  of  the  threads  and  never  on 

Fig.  43  the  points. 

82.  Advantage    of    lArge    Tap    Holes. — In    machine 
construction  where  holes  are  drilled  and  tapped  for  V  threads 

in  various  parts  of  castings,  it  is  customary  to  drill  the  holes 
slightly  larger  than  would  be  necessary  to  cut  such  a  full  sharp 
thread  as  shown  in  Fig.  39.  After  the  holes  are  tapped,  they 
arc  more  nearly  of  the  shape  shown  somewhat  exaggerated 
in  section  in  Fig.  44,  where  it  may  be  seen  that  the  threads 
are  not  full  on  the  points.  When  a  bolt  is  being  fitted  to 
this  kind  of  tapped  hole,  the  necessity  of  keeping  a  very  sharp 
point  on  the  tool  and  cutting  the 
thread  sharp  at  the  root  is  not 
so  important. 

83.  Effect  of  Slight  Dif- 
ference of  Pitch  on  Fit. — A 

section  through  a  bolt  and  a  niit 

having  slightly  different  pitches 

is  shown  in  Fig.  45.     In  fitting 

such  a  bolt,  it  will  be  found  on 

trial  that  it  enters  the  nut  for  a 

few  turns  easily,  plowing  tighter 

as  it  is  screwed  in,  with  the  ap-  Pmj.  *4 

pearance  of  being  tapered.     After  more  cutting,  the  bolt  will 

pass  through  the  nut,  appearing  to  fit.     \Vhen  the  end  of  the 
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bolt  is  once  passed  through  the  nut,  it  will  not  fit  any  more 
closely  as  the  nut  is  screwed  along  the  bolt.  When  a  bolt  and 
a  nut  are  of  slightly  different  pitches,  the  effect  is  much  more 
noticeable  if  the  nut  is  long  than  if  the  nut  is  short.  The  real 
contact  may  be  seen  from  Fig.  45.  In  this  case,  the  thread  on 
the  bolt  is  of  a  coarser  pitch  than  the  thread  on  the  nut,  and 
bears  only  on  the  first  and  last  threads  of  the  nut. 

84.  Pitting    ThreaOs    on    Same    lAtho. — When    two 

threads  are  to  be  cut  that  must  fit  each  other  perfectly,  the 
internal  thread  being  long,  it  is  desirable  that  they  be  cut 
on  the  same  lathe.     By  its  use  they  can  be  made  to  have 
the  same  pitch,  and  if  there  is  any  error 
in  the  pitch,  it  will  be  the  same  in  both 
threads. 

85.  Replacing  Work    In    Lathe. 

If,  after  testing  in  the  nut,  the  screw  is 

found  to  be  too  large,  it  Miould  be  replaced 

in  the  lathe  and  a  sufficient  number  of 

light  cuts  talcen  to  reduce  it  to  the 

desired  size.     The  notch  in  the  face  plate 

used  tor  the  tail  of  the  dog  must  be 

noticed  and  marked,  and  the  dog  put 

back  in  the  position  from  which  it  was 

taken.     Failure  to  do  this  will  cause  the  point  of  the  tool  to  start 

another  thread  that  will  destroy  the  one  nearly  completed. 

86.  Resetting  Threading  Tool. — When  the  threading 
tool  has  been  removed,  it  may  be  reset  as  follows:  Adjust 
the  tool  in  the  tool  post  to  fit  the  gauge.  Fig.  10,  the  same 
as  before  the  thread  was  started.  Turn  the  spindle  forwards 
and  note  if  the  tool  point  comes  opposite  the  cut  in  the  work. 
If  not,  drop  the  intermediate  gear  c,  Fig.  23,  away  from  the 
gear  b  on  the  spindle.  Turn  the  spindle  forwards  until  the 
tool  comes  exactly  opposite  the  notch  in  the  work.  Bring 
the  tumbler  gear  in  mesh  with  the  spindle  gear,  which  will 
throw  in  the  feed,  and  proceed  to  cut  the  thread  as  before. 
The  lathe  must  always  be  turned  forwards,  so  as  to  take  up 


^dbyGoOglc 


50 


LATHE  WORK 


§19 


the  slack  or  backlash  in  the  gears  and  the  lead  screw.  The 
backlash  can  be  noted  at  the  time  the  lathe  is  reversed,  when 
it  will  be  seen  that  the  work  may  make  a  part  of  a  turn  before 
the  tool  will  start  to  feed  back.  The  tool  will  then  drag 
behind,  and  if  brought  up  to  the  work  when  it  is  running 
backwards,  the  tool  woidd  not  fit  in  the  notch  as  it  did  when 
the  lathe  was  running  forwards.  If  the  lathe  has  a  compound 
rest  it  should  be  set  around  about  30°  before  setting  the  thread 
tool  square  with  the  axis  of  the  work.  If  the  thread  tool 
does  not  enter  the  thread  cut  in  the  work  as  the  work  turns 
for  cutting,  the  tool  can  be  advanced  sidewise  by  use  of  the 
compound  rest,  so  that 
it  fits  perfectly  in  the 
cut  already  made. 

87.  Opening  Lead> 
Screw  Nut, — If  short 
threads  are  being  cut,  it 
is  usually  best  to  leave 
the  split  nut  closed  and 
run  the  tool  back  to  the 
starting  point  for  each 
new  cut.  The  thread  is 
cut  by  running  the  lathe 
backwards  and  forwards 
the  required  number  of 
times  to  cut  to  the  required  depth.  If  the  screws  to  be  cut  are 
long,  the  split  nut  should  be  opened  and  the  carriage  returned 
by  hand.  If  the  pitch  of  the  thread  being  cut  is  a  midtiple  of 
the  lead-screw  pitch,  the  nut  may  be  opened,  and  after  return- 
ing the  carriage  to  the  starting  point  it  may  be  closed  anywhere 
and  the  tool  will  be  in  jxjsition  to  start  in  the  cut.  If  the  pitch 
of  the  thread  is  not  a  multiple  of  the  pitch  of  the  lead  screw,  a 
mark  is  made  on  the  lathe  bed  at  the  point  where  the  carriage 
starts  and  another  mark  is  placed  on  the  lai^e  spindle  gear, 
with  a  corresponding  mark  on  the  headstock  casting  at  the 
position  occupied  by  the  spindle  when  the  cut  ends.  The  lathe 
is  run  forwards  when  cutting  until  the  end  of  the  cut  is  reached. 
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It  is  then  stopped  with  the  mark  on  the  spindle  gear  opposite  the 
mark  on  the  headstock  casting.  The  nut  is  then  opened,  the  car- 
riage is  run  back  to  the  mark  on  the  bed  and  the  split  nut  is 
dosed.  This  method  can  be  used  to  advantage  if  the  lathe 
has  no  backing  belt. 

88.  Thread  Indicator. — An  attachment  put  on  many 
lathes  to  show  when  to  throw  in  the  split  nut  on  the  lead 
screw  while  cutting  is  called  the  thread  indicator  and  is  shown 
in  Fig.  46.  It  consists  of  a  worm-wheel  a  connected  to  a  short, 
vertical  shaft  that  turns  in  the  bracket  b  and  carries  a  dial  c 
at  the  upper  end.  The  bracket  is  swiveled  on  the  pin  d, 
so  that  the  indicator  may  be  swimg  away  from  the  lead  screw  e 
when  it  is  not  in  use;  or  it  may  be  removed  entirely.  A 
pointer/  is  formed  on  the  upper  end  of  the  bracket  and  the 
split  nut  is  thrown  in  when  the  proper  graduation  comes 
opposite  this  pointer. 

89.  Lubrication  for  Thread  Cutting. — When  cutting 
screws  in  a  lathe,  lard  oil  should  be  freely  applied  to  the  tool 
and  the  work.  The  finishing  cuts  should  be  light  shaving 
cuts.  The  tool  should  be  ground  sharp  and  finished  with 
an  oilstone.  The  oil  is  usually  applied  to  short  threads  by 
placing  a  pan  of  oil  under  the  work  and  putting  the  oil  on 
with  an  oil  brush.  If  the  screws  are  long,  an  oil  pan  is  placed 
under  the  work  and  a  drip  can  is  so  arranged  that  a  supply 
of  oil  will  follow  the  work  above  the  tool. 


BIVBTT    THREADING    TOOL 

90.  A  threading  tool,  by  means  of  which  many  of  the 
diSiculties  in  screw  cutting  may  be  overcome,  is  shown 
in  Fig.  47.  It  consists  of  a  cutter  a,  resembling  a  milling 
cutter,  supported  on  a  bracket  6  by  a  slide  c.  The  device  is  ' 
clamped  on  the  tool  rest  of  a  lathe  from  which  the  tool  post 
has  previously  been  removed.  The  cutter  a  has  ten  teeth 
on  its  circumference,  each  one  formed  to  cut  deeper  than  the 
preceding  one,  and  gives  the  thread  its  actual  width  to  the 
full  depth  of  the  cut.    For  instance,  in  Fig.  48,  the  first  tooth 
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cuts  the  full  width  of  the  thread  to  the  line  / ,  the  second  cuts 
to  the  line  S,  and  so  on  until  the  tenth  tooth  cuts  to  the  bottom. 


In  Fig.  49.  the  \-iews  (a),  (b),  (c),  (d),  (c),  and  (/)  show  the 
shapes  of  the  teeth  and  the  corresponding  fonns  of  the  thread 
for  the  first,  second,  third,  fifth,  eighth,  and  tenth  cuts,  two 
and  one-half  times  the  actual  size  of  a  7-pitch  V  thread. 

91.     The  tool  is  set  up  and  adjusted  for  the  first  cut,  as 

shown  in  Fig.  47,  proper  side  rake  for  cither  right-hand  or 

y^  left-hand  thread  being  given  by  means  of 

■'  an  adjusting  screw  on  the  far  side  of  the 

^   device,  which  is  not  shown.     The  tooth 

'    rests  on  the  supixirt  d,  which  holds  the 

top  face  level  with  the  center  line  of  the 

screw.     When  all  adjustments  have  been 

made,  both  the  device  and  the  rest  are 

'''°"'  clamped,   and   the  first   cut   is    taken. 

The  rest  is  then  brought  back  to  its  starting  point  in  the 

usual  way.     The  second  tooth  is  brought  into  jxisition  and 
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locked  by  throwing  over  the  lever  e  and  bringing  it  back 
into  place.  The  second  cut  is  then  taken  and  the  opera- 
tion is  repeated  until  the  tenth  tooth  has  taken  its  cut. 
The  last  tooth  may  be  advanced  in  nine  steps  by  means 
of  an  eccentric  stud  and  micrometer  stop.  Each  step 
advances  the  cutter  a  fraction  of  a  thousandth  of  an  inch, 
thus  permitting  very  fine  fits  and  exact  duplicates  to  be  made. 

92.     The  special  advantage  claimed  for  this  tool  is  that 
each  tooth  comes  to  the  work  in  better  condition  than  when 


a  single  tool  is  used,  the  work  being  distributed  over  ten 
cutting  edges  instead  of  one.  The  finishing  tool  comes  into 
service  with  a  sharp  point,  and  its  duty  is  comparatively 
Ught.  Under  these  conditions,  the  lathe  can  be  run  at  a 
higher  speed,  as  the  danger  of  injuring  the  tool  point  by  its 
continuous  use  on  every  cut  has  been  eliminated.  A  perfect 
thread  can,  therefore,  be  formed  in  less  time  without  injiiry 
to  the  tool.  For  rough  work  many  shops  prefer  the  ordinary 
single  tool,  the  thread  being  finished  with  sue  or  seven  cuts. 


OBAB-BOX  METHOD  OF  GEABINO  LATHE  FOB  SCREW  CUTTING 
93.  Construction  of  Oear-Box. — The  operation  of 
changing  the  gears  for  every  desired  pitch  of  screw  takes 
considerable  time  and  affords  opportunity  to  make  mistakes. 
The  gear-box  system  avoids  these  objections  and  is  applied 
to  small  and  medium-sized  lathes.  A  lathe  so  geared  is  shown 
in  Fig.  50.  All  the  change  gears  are  on  a  shaft  in  the  gear- 
box seen  at  the  front  of  the  lathe,  directly  under  the  hcadstock. 
To  change  from  one  set  of  gearing  to  another,  the  knob  o, 
which  moves  in  the  slot  in  the  gear-box,  is  moved  to  a  posi- 
tion indicated  by  the  table  or  index  plate  above  the  gear-box. 
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The  back  of  the  gear-box  is  shown  in  Fig.  51  with  the  lead 
screw  a  projecting  from  the  left-hand  side.  Twelve  gears  b 
are  keyed  on  the  lead  screw  inside  the  gear-case.  A  sliding 
gear  c  and  an  idler  d  carried  on  a  yoke  can  be  moved  to  engage 
with  any  one  of  the  gears  in  the  lead-screw  cone,  giving  twelve 
different  speeds  to  the  lead  screw.  At  the  right  of  the  gear- 
box is  the  compounding  box  e  containing  gears  that  give 
three  different  speed  changes  to  the  shaft  and  the  sliding 
gear  c  and  when  combined  with  the  twelve  gears  on  the  lead 
screw  give  thirty-six  speeds  or  threads  that  can  be  cut. 

94.    Index  Plate. — Above  the  gear-box  is  an  index  plate 


giving  various  data  in  relation  to  the  use  of  the  gear-box. 
The,  conditions  vary  with  each  different  make  of  lathe,  so 
each  different  plate  must  be  studied  to  acquire  all  the  infor- 
mation there  given.  The  two  conditions  most  commonly 
stated  are  the  number,  of  threads  per  inch  to  be  cut  and  the 
position  of  the  sliding  gear.  This  information  is  applied  by 
taking  the  number  of  threads  per  inch  to  be  cut  as  the  starting 
point.  The  pin  attached  to  the  sliding  gear  is  put  in  the 
notch  or  position  specified  and  the  yoke  is  then  moved  to 
the  proper  gear  on  the  gear  cone,  which  makes  the  lathe  ready 
for  use.  If  the  feed  for  plain  turning  is  governed  from  the 
gear-box,  this  fact  is  also  stated  on  the  plate  as  a  certain 
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ramiber  of  times  the  number  of  threads  per  inch  cut;  thus, 
if  the  feed  Ls  stated  as  six  times  the  threads  per  inch,  it  means 
'  that  the  movement  of  the  carriage  is  six  times  as  rapid  as  for 
cutting  the  thread  for  which  the  gear-box  is  set. 


CUTTING    THBBAD8    BT    HAND 

95.  MethodH  Used  for  Cutting  Threads.— When 
accuracy  of  pitch  is  desired,  or  the  screws  are  long,  the  thread 

should  be  cut  in  a  lathe,  between  the  cen- 
ters. If  a  limited  number  of  short  threads 
s  required,  they  can  be  advantageously  cut 
by  hand  with  dies;  if  a  large  number  is 
required,  they  can  be  produced  by  means 
of  a  special  bolt-cutting  machine  with  a 
die  that  cuts  the  thread  to  size  at  one 
passage  over  the  work. 

96.  Hand  Dies.— A  thread-cutting  die  that  is  intended 
to  be  operated  by  hand  is  shown  in  Fig.  52.  It  is  held  in  a 
die  stock,  as  shown  in  Fig.  53.  When  these  hand  dies  are 
used,  the  rod  to  be  threaded  is  held  in  a  vise.  The  die  is 
then  well  oiled  and  screwed  down  on  the  end  of  the  rod  until 
the  desired  length  of  screw  has  been  cut.  Some  pressure 
will  be  necessary  to  start  the  die;  but  after  a  few  threads  are 
cut  it  will  feed  itself  along  as  it  is  revolved.  The  die  shown 
in  Fig.  52  is  adjustable  within  certain  limits.  Fig.  54  shows 
it  with  one  half  removed.  The  parts  a  and  b  compose  the 
cutting  die  proper.  The  part  c  is  a  guide  that  slips  on  the  end 
of  the  work  and  holds  the  die  true  when  starting  the  thread. 
Adjustment  is  made   by   the  tapered-head   screw  d.    When 


screwed  into  the  lower  guide,  it  forces  the  halves  of  the  die 
apart  slightly,  thus  causing  them  to  cut  a  larger  thread.     When 
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in  use,  the  two  halves  of  the  die  are  kept  from  springing  apart 
by  being  held  in  the  die  stock. 

97.  Inaccuracy  of  Pitch. — Hand  threading  is  slow,  as 
it  requires  nearly  as 
much  time  to  remove 
the  die  from  the  work 
as  to  cut  the  thread. 
Hand-cut  threads  can 
never  be  depended  on 
to  be  true  with  the  ^ 

axis  of  the  work,  as 

the  guide  does  not  fit  with  sufficient  accuracy  to  start  the  die 
perfectly  true.  Worst  of  all  is  the  inaccuracy  of  pitch.  It  is  not 
uncommon  to  find  dies  that  would  cut  a  thread  which,  if  con- 
tinued for  a  foot  in  length,  would  be  in  error  J  inch.  With  care, 
dies  can  be  made  that  will  cut  short  threads  with  sufficient  accu- 
racy of  pitch  for  ordinary  commercial  purposes. 


BOLT    CCTTEatS 

98.  General  Description. — For  rapid  screw  cutting, 
special  machines  are  used,  called  bolt  cutters,  that  rotate 
the  dies  while  the  work  is  held  in  a  chuck.  Fig.  55  shows 
a  type  of  double-head  bolt  cutter,  so  called  because  it  carries 
two  heads  or  die  stocks.  The  work  is  clamped  horizontally 
in  the  machine  in  the  jaws  or  chucks  d  by  means  of  the  large 
hand  pilot  wheels  a.  The  chuck  and  the  work  are  moved 
up  to  the  dies  c  by  means  of  hand  wheels  b,  these  wheels  oper- 
ating gears  that  engage  with  the  racks  shown. 

99.  Automatic  Dies. — The  dies  used  on  bolt-cutting 
machines  are  quite  different  from  the  hand  dies  just  described. 
They  arc  automatic  in  action,  so  that  when  the  die  has  cut  a 
sufficient  length  of  thread  on  the  bolt,  a  lever  automatically 
opens  the  die,  causing  it  to  cease  cutting  and  allowing  the 
work  to  be  withdrawn  freely,  thus  saving  much  time.  Fig.  56 
shows  one  style  of  head  for  bolt  cutters  designed  to  hold 
detachable  dies.     Dies  of  various  sizes  may  be  used  in  this 
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head  for  cutting  difEerent  diameters  of  bolts.  Fig.  57  shows 
the  principle  of  this  style  of  automatic  head.  The  body  of  the 
head  b  has  four  radial  grooves  cut  in  the  end,  in  which 
the  four  dies  d  can  slide.  A  cap  c,  fastened  to  the  head  b 
with  screws,  holds  the  dies  in  place.  The  outer  ends  of  the 
dies  are  beveled,  as  shown,  to  form  cutting  edges  for  removing 
the  scale  and  any  metal  that  may  be  in  excess  of  the  thread 
diameter.    The  thread  is  then  cut  by  the  toothed  parts  of 


the  dies  at  one  passage  over  the  stock.  The  ring  r  fits  over 
the  head  b  and  partly  over  the  ends  of  the  dies.  When  in 
the  position  shown  in  the  illustration,  the  dies  are  open.  To 
close  them,  the  ring  r  is  pushed  in  the  direction  of  the  arrow, 
over  the  ends  of  the  dies  to  the  position  of  the  dotted  lines. 
Each  of  the  dies  is  thus  forced  toward  the  center.  When 
in  this  position,  the  dies  are  ready  to  cut.  Levers  are  so 
arranged  that  after  a  thread  of  the  desired  length  is  cut  on 
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a  bolt,  the  ring  r  is  suddenly  released  and  moved  back  to  its 
normal   position,   as  shown.     This  action   releases   the   dies, 


(^ 


which  are  as  quickly  opened  by  the  cylindrical  portions  a. 
Fig.  56,  sliding  in  the  ring  r,  and  the  dies  cease  to  cut.  The 
threaded  bolt  is  removed  !«id  another  substituted.  The 
diameter  of  the  thread  being  cut  can  be  varied  to  make  either 
a  tight-fitting  or  a  loose-fitting  screw  by  increasing  or  decreasing 
the  travel  of  the  ring  r  on  the  inclined  ends  or  caps  of  the  dies. 


lOO.     Bolt   Cutters   with   Lead    Screwa. — When   used 
for   ordinary  bolts  with   short  threads,  bolt  cutters  usually 
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have  the  bolt  clamped  in  the  carriage  chuck  by  which  it  is 
moved  up  to  the  die  and  fed  Jn  by  a  hand-operated  pilot 
wheel  and  gear  working  in  a  rack  on  the  bed.  After  the  die 
has  taken  hold,  the  bolt  will  feed  in  by  the  pull  of  the  thread 
in  the  die.  If  longer  or  more  accurate  screws  are  required, 
or  special  forms  like  the  square  and  Acme  thread  are  to  be 
cut  with  a  die,  the  bolt  cutter  is  provided  with  a  lead  screw 
to  feed  the  carriage  and  stock  aloi^  to  the  die  at  the  required 
rate.  The  lead  screw  is  held  in  a  socket  under  the  head  and 
is  driven  by  suitable  gearing.  A  split  nut  in  the  carnage 
can  be  closed  on  the  lead  screw  so  that  the  carri^e  is  given 
a  movement  as  accurate  as  the  carriage  of  a  lathe.  A  very 
accurate  screw  may  be  cut  by  this  process. 

When  bolt  cutters  and  tappers  are  being  used,  a  stream 
of  lard  oil  is  kept  flowing  on  the  dies,  taps,  and  work,  to  keep 
them  cool  and  to  lubricate  the  cutting  edges. 


TAPPING 

101.    Use  of  Taps. — The  operation  of  cutting  internal 
threads  is  similar  to  that  of  cutting  external  threads,  when 
1  the  engine  lathe.     Internal  threads  are  usually  cut 
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by  the  use  of  laps,  which  may  be  operated  by  either  hand 
or  machine  power.  The  use  of  taps  for  cutting  internal 
threads  is  the  common  practice,  and  only  when  laige  or  special 
forms  of  threads  are  desired  is  the  lathe  employed. 
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102.  Hand  Taps. — Small  taps  are  made  from  a  solid 
bar  of  steel,  accurately  threaded  and  fluted,  hardened,  and 
then  tempered.     Fig.  68  shows  a  set  of 

machinists'  hand  taps.  A  set  consists  of  a 
taper,  a  plug,  and  a  bottoming  tap.  "Large 
taps  may  be  made  from  the  solid,  but  are 
oftener  made  as  shell  taps  and  used  on 
suitable  shanks;  they  are  also  made  as 
inserted-blade  taps. 

103.  Tapping  Holes. — When  a  hole  ficm 
has  been  drilled  entirely  through  a  piece, 

it  is  necessary  to  use  only  the  taper  tap,  which  may  be 
run  entirely  through  the  piece  being  tapped.  When  a 
hole  that  has  been  drilled  partly  through  a  piece  is  to  be 
threaded  to  the  bottom,  as  shown  in  Fig.  59,  it  is  neces- 
sary to  use  all  three  taps.  The  taper  tap  is  needed  to  start, 
the  thread,  and  is  screwed  in  until  it  touches  the  bottom  of 
the  hole.  The  plug  tap  is  next  employed,  which,  when  screwed 
to  the  bottom  of  the  hole,  will  cut  full  threads  somewhat 
deeper;  and  for  finishing  the  bottoming  tap  is  used. 

104.  Attachments  for  Tapping. — There  are  a  number 
of  tapping  attachments  to  reduce  the  labor  of  tapping  holes. 
Some  of  these  require  the  reversal  of  the  spindle  of  the 
machine  and  others  are  reversible.  In  either  class  of  attadi- 
ment  the  plug  tap  is  generally  used  when  tapping  cast  iron 
and  run  to  the  required  depth  and  backed  out.  Taps  should 
be  oiled  with  lard  oil  before  being  started  into  holes. 

105.  Machine  Tapping. — The  taper  tap  is  used  for 
machine  tapping,  the  principal  difference  being  that  it  has 
a  longer  shank  than  the  hand  taper  tap.    The  tapered  part 


of  the  machine  tap  or  nut  tap  is  so  threaded  that  it  will  more 
easily  start  in  the  hole.     Nut  taps  are  made  with  long'  shanks. 
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as  shown  in  Fig.  60,  so  that  a  number  of  nuts  may  be  tapped 
by  running  the  threaded  part  of  the  tap  through  them  and 
allowing  a  number  to  remain  on  the  plain  shank  a  until  it 
is  ftdl,  when  the  tap  is  removed  from  the  holder,  the  tapped 
nuts  slid  off,  and  the  tap  replaced.  The  machines  used  are 
similar  to  those  employed  for  bolt  cutting.  The  die  head 
is  removed  and  the  taps  are  held  in  suitable  chucks  in  place 
of  the  die  heads.  Vertical  machines  are  also  lai^ely  used 
for  tapping  and  often  are  of  the  multispindle  type. 
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TYPES  OF  LATHES 


TURBHTT  LATHE 


1.  Characteristic  Feature  of  Turret  Lathe. — ^Probably 
no  one  machine  deserves  greater  credit  for  advancing  the 
movement  toward  rapid  production,  and,  consequently,  the 
reduction  of  cost  of  manufactured  articles,  than  the  turret 
lathe.  Its  special  mechanical  feature  is  the  turret,  which  is 
usckI  to  bring,  in  quick  succession,  a  number  and  variety  of 
cutting  tools  to  act  on  a  bar  or  rod  passed  through  the  hollow 
spindle  in  the  headstock  and  held  in  a  chuck. 

2.  Action  of  Turret. — The  turret  is  a  solid  revolving 
block  or  tool  holder  either  round  or  having  flat  sides,  in  which  a 
ntunber  of  holes  are  drilled,  bored,  and  reamed  by  tools  held 
in  the  spindle  so  that  each  one  of  them  can  be  brought  in  line 
with  the  spindle  axis  by  revolving  the  turret.  A  tool  capable  of 
performing  one  or  more  operations  on  the  work  is  held  in  each 
hole  of  the  turret.  The  turret  mry  also  be  made  in  the  form  of 
a  rigid  fiat,  slotted  table  to  which  open  tool  holders  may  be 
secured.     Hollow  or  box  turrets  are  also  used  to  some  extent. 

3.  The  turret  is  moimted  on  a  sUde,  parallel  to  the  line  of 
the  live  spindle,  and  occupies  a  position  relatively  the  same  as 
the  tailstock  on  the  ordinary  lathe.  It  is  made  to  slide  on  the 
base  either  automatically  or  by  a  hand  lever  or  wheel.     After 
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the  tool,  which  is  held  in  one  of  the  radial  holes  in  the  turret, 
has  made  a  certain  cut  on  the  work,  the  turret  is  moved  back, 
and  is  automatically  imclamped  and  rotated  a  part  of  a  turn  on 
a  vertical  axis.  The  second  tool  in  the  turret  is  thus  brought 
in  line  with  the  work.  Each  full  backward  movement  of  the 
turret  revolves  it  a  part  of  a  turn,  sufficient  to  bring  the  second 
tool  in  perfect  line  for  the  second  cut.  One  or  more  stops  are 
also  provided,  so  that  the  tools  will  be  fed  the  right  distance  on 
the  work, 

4.  Types  of  Turret  lathes. — The  turret  has  been  applied 
to  a  variety  d  lathes  for  various  kinds  of  work,  so  that  there 
are,  under  the  head  of  turret  lathes,  the  turret  screw  machine, 
the  plain  tiuret  lathe,  the  brass-worker's  lathe,  the  flat  turret 
lathe,  and  the  monitor  lathe.  There  are  also  other  special 
forms  of  turret  lathes  that  are  adapted  to  certain  classes  of  work. 
The  screw-machine  class  includes  hand  and  automatic  machines. 


HAND    SCREW    HACHINB 

5.  Features. — The  hand  screw  machine  has  more  of  the 
featiu-es  of  turret  lathes  than  any  other  type.  Fig.  1  represents 
a  typical  turret  screw  machine.  Its  special  features  are  the 
turret  moving  on  a  sUde  that  takes  the  place  of  the  tailstock, 
a  special  form  of  chuck  for  gripping  rods,  and  the  rod-feed 
mechanism  for  feeding  the  work  into  position.  In  the  lathe 
shown  in  Fig.  1,  the  parts  are  named  as  indicated  by  the  Col- 
lowing  letters:  a,  the  turret;  b,  the  pilot  wheel  for  moving 
the  turret;  c,  the  stop-screw  for  adjusting  the  travel  of  the 
turret  slide;  d,  a  special  chuck  for  holding  the  rod,  or  stock; 
e,  the  lever  for  opening  and  closing  the  chuck  d,  and  for  feeding 
the  rod  into  the  machine;  /,  supfjorts  for  holding  long  rods; 
g,  the  front  tool  jjost;  A,  the  back  tool  post;  /,  the  cross-shde; 
k,  the  handle  for  operating  the  cross-slide;  /,  the  distributing 
pipe  for  oil ;  m,  the  oil  tank ; «,  the  clutch  for  operating  the  chuck. 
In  the  larger  sizes,  the  screw  machine  is  provided  with  a  feed- 
rod,  like  that  of  an  engine  lathe,  which  is  used  for  feeding  the . 
tools  to  the  work. 
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6.     Cbuck. — The   success   of   the   screw  machine  is   due 
lai^ely  to  the  method  employed  in  holding  the  work ;  this  method 


gives  great  rigidity,  and  at  the  same  time  is  so  simple  that  the 
work  can  be  quickly  clamped  or  released.  In  Fig.  2  is  shown  a 
section  through  the  chuck  screwed  to  the  spindle  of  a  lathe  as 
it  is  used  for  holding  rods.  The  grip  of  the  rod  is  accomplished 
by  pushing  the  split  collet  a 
through  the  tapered  hole  in  the 
end  of  the  cap  b,  the  cap  b«ng 
screwed  to  the  nose  of  the  lathe 
spindle.  Fig.  3  shows  the  collet  a 
removed.  The  collets  are  made 
of  various  sizes,  depending  on  the  size  of  the  rod  to  be  held, 
and  are  hardened,  as  is  also  the  cap  in  which  they  slide. 

7.    When  gripping  the  work,  the  collet  is  pushed  into  the 
cap  b.  Fig.  2,  by  means  of  the  hollow  tube  d,  which  passes 


through  the  lathe  spindle  to  the  rear  end.     Fig.  4  shows  a 
section  through  the  rear  end  of  the  spindle  and  the  gripping 
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mechaJiism.  The  end  of  the  tube  d  comes  against  the  two 
levers  /.  These  levers  are  operated  by  the  cone-shaped  piece  m, 
which  slides  on  the  spindle.  When  the  cone  m  is  moved  to  the 
position  indicated,  the  ends  of  the  levers  afe  forced  apart, 
which  moves  their  other  ends  against  the  end  of  the  tube  d. 
This  operation  pushes  the  tube  through  the  spindle  and  against 
the  collet,  thus  causing  it  to  grip  the  work.  When  the  cone  m 
is  moved  back,  the  long  ends  of  the  levers  spring  together  and 
relieve  the  pressure  on  the  end  of  the  tube  d.  Springs  are 
arranged  to  open  the  chuck  as  soon  as  the  cone  m  is  removed 
fnan  under  the  levers  /.  In  this  description,  only  the  essential 
points  have  been  mentioned,  all  unnecessary  details,  such  as 
springs,  being  omitted.  , 

TTIRRBT    TOOLS    AND    TREIB    USES 

8.  The  work  of  the  turret  screw  machine  is  confined  to  such 
work  as  can  be  made'  on  the  ends  of  rods  held  in  the  chuck. 
Turret  lathes  are,  therefore,  without  centers  for  supporting 
the  work.  The  tools  used  for  the  turret  are  quit?  different  from 
those  used  in  the  engine  lathe.  The  work  of  the  screw  machine 
can  be  understood  by  following  the  operations  necessary  to 
ctonplete  some  particular  piece.  Suppose,  for  example,  that 
it  is  necessary  to  make  a  large  number  ot  screws  with  round 

.  nurled  heads,  as  shown  in  Fig.  5. 
Having  decided  on  the  form  of  screw 
to  be  made,  the  machine  must  be  set  up. 

9.  The  setting  up  of  the  turret 
screw  machine  includes  setting  the  various  tools  in  the  turret 
and  in  the  cross-slide,  adjusting  the  stops  to  determine  the 
lengths  of  cuts,  and  adjusting  the  cutter  blades  to  tiu-n  the  cor- 
rect diameters.  A  rod  is  put  through  the  spindle,  and  the 
chuck  is  so  arranged  that  the  work  can  be  gripped  rigidly,  and 
also  so  that  when  it  is  released  the  feed  will  move  the  rod 
through  the  spindle. 

10.  8top-Ottuge. — The  first  tool' used  in  the  turret  is 
the  adjustable  stop-gauge  shown  in  Fig.  6,  which  determines 
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the  correct  length  of  stock  for  the  work.    This  stop  is  so  adjusted 

that  when  the  turret  and  slide  are  at  the  full  length  of  their 
travel  next  the  headstock, 
and  the  work  is  fed  up  to 
'  the  stop  and  gripped  in  the 
chuck,  the  correct  length 
to  make  the  screw  will  pro- 
ject from  the  chuck.  Hav- 
ing clamped  the.woric,  the 
turret  is  moved  back  and 

revolved  a  part  of  a  turn,  which  brings  the  first  turning  tool  to 

place. 

11.  Roughing  Box  Tool. — The  first  turning  tool  to  be 
used  in  the  turret  is  the  roughing  box  tool,  shown  in  Fig,  7. 
The  shank  s  is  held  in  the  turret,  and  the  tool,  or  blade,  c  is 
clamped  in  place  by  the  screws  a.  The  tool  is  adjusted  to  turn 
the  correct  diameter  by  a  series  of  careful  trials.  To  support 
the  work  while  the  cut  is  being  taken,  the  back  rest  r  opposite 
the  tool  c  must  be  adjusted  so  that  it  just  supports  the  end 
of  the  work.  Fig.  8  shows  an  end  view  of  the  box  tool 
with  a  section  of  work  w  in  place.  This  view  shows  how  the 
tool,  or  blade,  c  comes  against  the  woric,  and  how  the  back  rest 
supports  it. 

12.  Turret  lathe  tools  do  not  need  so  much  keenness  as 


those  on  ordinary  lathes.     With  the  tool  shown  in  Fig,  8,  a  cut 
b  taken  over  the  body  of  the  screw  up  to  the  shoulder  under  the 
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head.  If  the  bar  is  iron  or  steel,  a  supply  of  lard  oil  is  kept  run- 
ning on  the  work,  to  prevent  it  and  the  tool  blade  from  heating. 
When  this  roughing  tool  has 
cut  a  sufficient  length,  the 
turret  slide  comes  against  a 
stop.  This  stop  is  so  adjusted 
that  each  tool  will  stop  when 
the  right  length  has  been 
turned.  The  turret  is  given 
another  partial  turn,  which 
brings  the  second  cutting 
tool,  or  finishing  box  tool,  in 
line  for  the  cut. 

13.    Finishing     Box  ^"^'^ 

Tool. — The  same  principle  as  the  roughing  box  tool  is  used  in 
the  finishing  box  tool,  except  that  the  blades  are  made  and 
adjusted  to  cut  similarly  to  a  broad-nosed  lathe  tool.  The 
blade  for  the  rough  cut  is  ground  on  the  same  principle  as  the 
roughing  tools  for  lathe  work.  As  shown  in  Fig.  9,  a  finishing 
box  tool  has  a  number  of  cutters,  each  of  which  may  be 
adjusted  to  cut  to  a  given  depth  by  the  setscrews  a  at  the 
ends  c£  the  blades.     The  blades  are  used  when  it  is  neces- 


sary to  finish  parts  to  different  diameters  at  the  same  time. 
Each  blade  is  so  adjusted  along  the  length  of  the  box  tool  that 
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it  will  turn  the  required  length  of  work  to  that  particular 
diameter.  For  the  screw  being  made,  only  the  first  blade  in 
the  tool  will  be  used.  This  blade  will  be  adjusted  to  finish  the 
body  of  the  screw  to  the  correct  diameter. 

14.  Potntlnir  Tool. — Before  cutting  the  thread,  the  end 
of  the  body  should  be  beveled  or  chamfered.  This  is  done  with 
a  pointing  tool,  which  is  similar  to  the  roughing  box  tool  shown 
in  Fig.  7.  The  blade,  however,  instead  of  being  straight  on  the 
edge,  is  beveled  to  an  angle,  the  same  as  the  bevel  on  the  end  of 
the  screw.  The  back  rest  is  adjusted  on  a  pointing  tool  the 
same  as  on  other  box  tools.  When  fed  against  the  end  of  the 
work,  this  tool  will  cut  the  required  bevel. 

15.  Dies  aaid  Die  Holders. — The  screw  is  now  ready 
to  be  threaded.    The  threads  are  cut  with  dies  on  all  screw 

machines.     In  order  that 

the  thread  will  be  cut  an 

exact  length  on  the  body 

I  of  each  screw,  a  releasing 

die  holder,  as  shown  in 

Fig.   10,  must  be  used. 

p,^,  j^  The  die  holder  a  has  a 

circular  opening  in  which 

the  dies  are  fastened  by  the  screws  e.    The  stem  d  passes 

through  a  sleeve  that    has  a  flange  on  one  end  and  that  is 

held  in  one  of  the  holes  in  the  turret.     When  in  the  position 

shown  in  the  illustration,  the  holder  is  free  to  revolve  in  the 

sleeve.     When  it  is  used  and  the  die  is  fed  against  the  work,  the 

holder  slips  back  in  the  sleeve  until  the  pins  b  and  c  engage  each 

other.     The  ]>in  c  will  then  keq)  the  die  holder  frcpm  rcvoK'ing, 

As  soon  as  the  holder  ceases  to  revolve,  the  die  will  begin 

to  cut,  and  after  cutting  a  few  threads  it  will  feed  itself  along 

the  work. 

16.  If  provision  were  not  made  to  stop  it  as  the  work  con- 
tinued to  revolve,  the  die  would  at  once  screw  up  to  the  shoulder 
on  the  work  and  destroy  the  thread.  With  the  holder  shown, 
the  die  will  feed  along  the  work,  the  turret  being  made  to  follow 
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it,  until  the  turret  slide  reaches  its  stop.  The  work,  however, 
continuing  to  revolve,  will  feed  the  die  still  farther,  and  bring 
the  holder  with  it  until  the  pins  b  and  c  disengage,  where- 
upon the  holder  again  revolves  with  the  work,  thus  stopping 
the  cut.  In  the  meantime,  the  direction  of  the  lathe  is  reversed 
and  the  turret  moved  back  by  hand  until  the  backing  pin  p 
eng^cs  the  notch  cut  in  the  end  of  the  sleeve.  The  holder  is 
thus  kept  from  turning  backwards,  and  so  the  die  is  backed 
off  the  screw.  When  considerable  uniformity  d  size  of  threads 
is  necessary,  a  second  sizing  die  is  run  over  the  thread.  These 
operations  complete  the  turret  operations  on  the  screw. 


17. 


CBOSe-SLIDB    TOOIS 

Nurllng  Tool. — When  the  head  of  a  screw  is  to 


be  nurled,  one  or  more  hardened-steel  rolls  are  fed  against  the 

face  of  the  work  while  it  revolves.     These  hardened-steel  rolls 

have  teeth,  or  a  special  design,  engraved  around  their  outside, 

so  that,  when  rolled 

against     the    work, 

they  will  impress  the 

design    in    the    soft 

metal.     In  the  case 

described,  the  nurl- 

ing    tool    shown    in 

Fig.  11  is  employed 

and  held  in  one  of 

the  tool  posts  on  the 

cross-slide. 

18.  Parting  Tool. — The  parting  tools  used  in  the  turret 
lathe  for  plain  cutting  are  similar  to  those  used  in  a  regular 
lathe,  and  are  held  in  one  of  the  tool  posts  on  the  cross-slide. 
Combination  parting  and  forming  tools  are  often  employed. 
They  are  designed  to  round  the  head  and  cut  off  the  stock  at 
the  same  time. 

19.  Combination    Parting    and    Nupling    Tool.— A 

special  nurling  tot>l  held  in  the  tool  post  with  a  parting  tool 
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is  shown  in  F^.  11.  The  parting  tool  is  clamped  under  the 
nurling  tool,  with  its  blade  shown  at  h.  The  nurlii^  tool  is 
jointed,  so  that  when  the  parting  tool  is  used,  the  nurl  a  may  be 
raised  to  the  position  shown  by  the  dotted  lines.  While 
the  screw  is  being  made,  the  nurl  should  be  turned  back  and 
the  parting  tool  used  to  cut  a  shallow  notch  in  the  work,  which 
will  define  the  thickness  of  the  head.  If  the  head  must  be 
made  true,  a  light  cut  should  be  taken  with  a  back  tool  held 
in  the  back  tool  post.  This  back  tool  should  be  shaped  the 
same  as  a  broad-nosed  lathe  tool  and  set  in  the  tool  post  upside 
down,  so  that  it  will 
cut  on  the  back  of  the 
work  when  the  lathe 
is  running  forwards. 
The  stop  on  the  cross- 
slide  should  be  so 
adjusted  that  the  tool 
will  just  cut  the  head 
_  to  the  given  diameter. 

[1  The  nurlii^  tool  may 

L^  then,  by  pressure  of 

the  hand  lever,  be 
forced  against  the 
work  until  the  teeth 
in  the  nurl  roll  corre- 
sponding grooves  in 
the  head  of  the  screw.  When  the  work  has  been  properiy 
nurled.  the  parting  tool  is  again  brought  to  place  and  the  screw 
cut  from  the  bar. 


20.  When  the  parting  tool  is  properly  ground  and  set,  it 
shoidd  leave  the  head  of  the  screw  bright  and  smooth,  with 
no  projection  in  the  center.  The  parting  tool,  therefore,  must 
be  so  set  that  its  edge  comes  exactly  in  line  with  the  axis  of 
the  work.  If  the  parting  tool  is  ground  square  across  its 
cutting  edge,  the  work  will  break  off  before  the  cut  is  quite 
finished.  This  trouble  may  be  avoided  by  grinding  the  cut- 
ting edge  of  the  parting  tool  beveled,  as  shown  in  Fig.   12. 
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Here  it  cuts  a  smaller  diameter  near  the  head,  and  will  cut  the 
work  off  clean.  The  tool  is  then  fed  in  until  it  removes  the 
conical  point  of  metal  from  the  stock.  The  operation  d 
making  a  screw  as  just  described  is  but  one  of  a  very  great  variety 
that  may  be  performed  on  the  screw  machine.  While  certain 
tools  were  chosen  to  perform  this  operation,  other  forms  of  tools 
could  have  been  used  with  the  same  result. 


OTHER    TITRBET    TOOIS 

21.  Solid  Hollow  Mill. — In  place  of  the  roughing  box 
tool,  a  hollow  mill  could  have  been  used.  Fig.  13  shows  a  solid 
hollow  mill,  and  Fig,  14  shows  a  holder 

used  for  it.    These  mills  cut  on  the  edges  a, 
and  are  bored  to  the  size  that  they  are 
intended  to  turn.    As  soon  as  the  mill 
b^ins  to  cut,  the  end  of  the  work  at  once 
enters  it  and  is  thereby  steadied  or  sup- 
ported  while   the   cut  is   being   taken,  ^''^  '^ 
Because  of  the  four  cutters  on  opposite  sides  of  the  work,  it  is 
balanced  so  that  there  is  less  tendency  for  it  to  spring  than 
wiien  only  one  cutter  is  acting. 

22.  Adjustable  Hollow  Mill. — An  adjustable  hollow 
mill  is  shown  in  Fig.  15,  By  loosening  the  screws  at  the  front 
and  turning  the  nurled  head,  the  blades  a  can  be  moved  toward 
or  from  the  center,  thus  making  the  cut  larger  or  smaller.     The 

cutting  action  of  this  tool 

is  the  same  as  that  of  the 

solid  hollow  mill.     The  cut 

is  taken  on  the  end  faces 

\  of  the  cutter  blades,   the 

/  inner  faces  acting  as  guides 

to  support  the  work  after 

is  turned.     As  the  cut 

^"'-  '*  made  with  a  hollow  mill 

cannot  be  depended  on  to  be  perfectly  true,  a  finishing  box 

tool  should  always  be  run  over  it.     Finishing  tools  are  made 
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in  a  variety  of  shapes.     Fig.   16  shows   a  style  of  finishing 
hollow  mill  that  has  two  inserted  blades  a  that  do  the  cutting- 


Pic.  15  Fic.  IS 

the  other  two  blades  b  are  simply  back  rests  to  steady  the 
work. 

23.  Spring  Die. — Besides  the  solid  dies  mentioned,  other 
fonns  are  used.  Fig.  17  shows  a  fonn  of  hollow  spring  die  that 
is  held  in  the  holder  shown  in  Fig.  1.0.  When  in  use,  this  die 
would  tend  to  spring,  so  that  it  is  necessary  to  use  a  clamp. 
Fig.  18,  that  passes  around  the  die  and  holds  it  in  shape.  By 
means  of  this  clamp,  the  die  may  be  adjusted  to  make  sUght 
differences  in  cutting.  The  objection  to  this  form  of  die  is  that 
considerable  time  is- lost  in  reversing  the  machine  and  backing 
the  die  from  the  work. 

24.  Automatic  Dies. — The  difficulties  arising  from  the 
use  of  solid  and  spring  dies  are  overcome  by  the  employment  of 
automatic  dies.  These  dies  cut  all  screws  up  to  1  inch  in 
diameter  at  one  passage  over  the  work;  but 

for  sizes  over  1  inch  it  is  better  to  cut  nearly  to 
,  after  which  the  die  is  returned  to  the 
starting  point  and  a 
\  second,  or  finishing, 
1  cut  is  taken  over  the 
screw.     When    the 
I  die  has  fed  to  the 
limit   of   its   travel 
and  further  move-  Pic.  is 

ment  of  its  holder  or  shank  is  retarded,  the  die  opens  autcnnati- 
cally  and  is  withdrawn  without  loss  of  time.     This  movement 
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saves  the  wear  on  common  dies  that  results  where  the  work 
has  to  be  reversed  and  the  die  backed  off. 

25.  One  form  of  automatic  die,  shown  in  F^,  19  (a), 
consists  of  a  shank  a  that  is  gripped  in  a  tool  holder  on  the 
turret,  an  internal  body  b  that  holds  the  chasers  c  in  radial  slots, 
and  a  cam  holder  d.  On  the  inner  face  of  the  cam  holder  is  a 
cam  over  which  the  ends  of  the  chasers  fit.  When,  by  revolving 
the  cam  holder  d,  this  cam  is  turned,  it  moves  the  chasers  toward 
or  away  from  the  center,  along  the  radial  slots.  The  shank  a 
and  the  body  b  are  held  together  by  driving  pins  extending  from 
the  shank  into  the  body.  Thus,  when  the  die  is  cutting,  the 
body  is  prevented  from  turning ;  but  as  soon  as  the  turret  carry- 


ing  the  die  comes  against  its  stop,  the  continued  turning  of  the 
work  in  the  die  puUs  the  chasers  forwards.  The  body  b  and 
the  cam  holder  d  are  consequently  drawn  away  from  the  shank  a 
until  the  driving  pins  disengage.  A  spring  inside  the  cam 
holder  then  turns  the  cam  and  opens  the  chasers  so  that  they  are 
free  from  the  work.     The  die  is  thus  automatically  released. 

26.  The  die  is  closed  and  set  ready  for  work  again  by  pidling 
the  hiindle  e.  Fig.  19  (a).  This  handle  is  fastened  to  the  cam 
holder  that  carries  the  cam.  By  pulling  on  the  handle,  the  cam 
is  rotated  and  the  chasers  arc  moved  inwards  to  their  cutting 
positions.  Also,  this  movement  of  the  handle  e  draws  the  open- 
ing spring  back  again,  and  allows  the  driving  pins  to  reengage, 
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thus  locking  the  body  b  to  the  shank.  The  die  may  be  dosed 
either  by  hand  or  by  a  trip  pin  located  on  the  turret  slide. 
The  short  handle  /  at  the  back  is  attached  to  the  cam,  and  is 
used  when  a  roughing  and  a  finishing  cut  are  required.  The 
handle  is  thrown  to  one  side,  opening  the  chasers  slightly,  and 
the  roughing  cut  is  taken.  It  is  then  swung  over  to  the  opposite 
side,  closing  the  chasers,  and  the  finishing'  cut  is  taken.  The 
screw  g  is  also  connected  with  the  cam,  and  is  used  when  it  is 
desired  to  adjust  the  chasers  very  accurately.  One  turn  of  the 
screw  moves  the  cam  very  slightly  and  alters  the  adjustment  of 
the  chasers  a  correspondingly  small  amount. 

27.  Changing  Chasers. — The  chasers  are  removed  from 
the  die  by  unscrewing  two  thumbscrews,  as  h,  Fig.  19  (a), 
located  in  nearly  opposite  positions  on  the  cam  holder.  By 
running  these  screws  out  a  short  distance  or  pushing  in  corre- 
sponding spring  pins  in  other  types  of  dies,  the  cam  holder  may 
be  removed,  leaving  the  chasers  free  to  be  taken  out.  The 
chasers  are  replaced  in  the  body  after  the  slots  are  cleaned  by 
slipping  the  chasers  into  the  slots  having  the  corresponding 

■  numbers  and  sliding  them  in  so  that  they  meet  near  the  center. 
The  cam  holder  is  then  cleaned  and  pushed  back  in  position,  and 
each  of  the  chasers  is  thrust  out  against  the  cam  surface,  which 
allows  the  cam  holder  to  return  to  its  working  position.  The 
screws  in  the  cam  holder  should  enter  the  holes  in  the  spring 
collar.  The  die  is  closed  by  pulling  the  projecting  handle  e 
and  turning  the  adjusting  screw  g  until  the  lines  on  the  cam  and 
chasers  coincide.  The  die  will  then  cut  the  approximate  size, 
but  the  true  size,  to  which  the  die  must  be  adjusted,  should  be 
determined  by  trial.  The  construction  of  the  die  is  such  that 
^  inch  of  variation  over  or  under  the  standard  size  may  be  made. 

28.  Form  of  Thread  Chasers. — The  chasers  used  in  the 
automatic  die  are  made  as  shown  in  Fig.  19  (i),  from  a  block  of 
tool  steel  having  a  notch  a  cut  in  one  end,  leaving  a  projecting 
shoulder  b  that  engages  the  cam  by  which  the  chaser  is  moved. 
The  teeth  are  milled  with  a  milling  cutter  so  that  they  are  full 
on  the  cutting  face  c  and  run  out  on  the  surface  d  at  right  angles 
to  the  cutting  face.     The  throat  e  of  the  die  is  chamfered  to 
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form  the  main  cutting  edge,  and  this  part  and  the  first  three 
or  four  teeth  are  giveo  ample  clearance  so  that  they  will  cut 
freely.  Farther  along  the  clearance  at  the  cutting  edge  is 
decreased  and  the  threads  are  given  a  decided  bearii^  on  those 
aheady  cut.  This  causes  them  to  act  as  a  lead-screw  nut, 
which  feeds  the  screw  through  the  die  and  gives  it  the  correct 
pitch.  The  chasers  are  sharpened  by  grinding  the  face  c 
shghtly.  Most  of  the  grinding,  however,  is  done  in  the  throat. 
A  grinding  wheel  less  than  2j  inches  in  diameter  is  preferred  for 
this  work,  and  only  enough  should  be  removed  from  the  throat 
of  each  to  correct  the  wear.  The  same  amount  should  be 
ground  out  of  each  die  in  the  set. 

29.  Holding  Drills  and  Taps. — ^When  drilling  or  tapping 
is  to  be  done,  the  drills  or  taps  are  held  in  the  turret  in  the  same 
manner  as  the  other  tools.  The  drills  may  be  held  in  a  chuck 
provided  for  that  purpose.  When  the  taps  are  used,  a  releasing 
tap  holder  that  works  on  the  same  principles  as  the  releasing 
die  holder.  Fig.  10,  is  employed,  to  keep  the  taps  from  running 
into  the  work  too  far  and  breaking.  Many  other  shapes  and 
kinds  of  tools  may  be  used  in  the  turret.  Those  that  have 
been  mentioned  are  the  standard  tools,  and  embody  the  general 
principle  that  the  work  must  be  supported  while  the  blades  are 
cutting.  By  following  this  principle,  a  great  variety  of  shapes 
of  tools  may  be  designed  and  ^idaptcd  to  particular  classes  of 
work  with  advantage.         ^____ 

OTHen  crosshslide  toou 

30.  Forged  Forming  Tools. — ^The  tools  used  in  the 
cross-shde  perform  various  operations,  the  more  important 
of  which  are  the  forming  of  irregular  surfaces  with  forming 
tools,  and  the  cutting  of  the  finished  piece  from  the  bar  with  the 
cutting-ofi  tool.  The  forming  tools  may  be  forged  from  bar 
steel,  and  filed  or  machined  to  the  given  form.  When  so  made, 
they  are  similar  to  the  forged  forming  tools  used  in  the  engine 
lathe.  The  main  objection  to  the  filed  forming  tool  is  that  only 
a  limited  amount  of  grinding  can  be  done  before  the  tool  will 
change  its  shape. 
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31.  circular  Forming  Tools. — To  overcome  the  objec- 
tions to  the  filed  forming  tool  and  on  account  of  the  ease  with 
which  the  cutters  can  be  manufactured, 
the  circular  forming  tool  has  been  brought 
out.  Fig.  20  illustrates  a  typical  tool  of 
this  class.  A  circular  cutter  c  has  been 
carefully  turned  and  formed  so  that  when 
a  section  is  taken  out  at  its  cutting  edge 
it  will  conform  to  the  required  shape  of 
the  work.  A  notch  is  cut  on  one  side  of 
the  cutter  so  that  the  lower  face  CD, 
Pig.  21,  is  on  a  line  that  would  pass 
slightly  below  the  center  ^4  S  of  the 
'"■  ^  cutter.     This  amount  k  varies  with  the 

diameter  of  the  cutter.  On  a  2-inch  cutter,  from  i  to  1  inch 
is  sufficient.  The  holder  h.  Fig.  20,  is  made  of  such  height 
that  it  holds  the  center  of  the  cutter  above  the  center  of  the 
work,  thus  bringing  the  top  face  of  the  cutter  C  D,  Fig.  21,  in 
line  with  the  center  of  the  work  w.  The  object  of  cuttir^  the 
notch  in  the  cutter  be- 
low its  center  and  then 
raising  the  cutting  edge 
to  the  center  of  the 
work  is  to  give  the  tool 
clearance.  If  the  tool 
and  the  work  are  set  at 
the  same  height,  Fig.  22, 
they  will  touch  at  the 
point  0,  which  is  in  a 
line  joining  the  centers.  / 
If  a  tangent  to  the  / 
work  is  drawn  through  / 
the  point  O  and  another  f" 
line  tangent  to  the  tool  | 
through  the  same  point, 
the  two  tangents  will 
coincide  in  the  line  C  D.  When  the  tool  is  thus  set.  it  has  no  clear- 
ance, and  can  cut  only  while  it  remains  absolutely  sharp.     The 
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circular  forming  tool  has  the  advantage  that  it  can  be  ground 
repeatedly  without  changing  its  shape,  and  it  is  easier  to  make 
than  the  forged  and  filed 
tool. 

32.  It  will  be  seen  by 
referring  to  Fig.  21,  that 
if  a  Une  Ef"  is  drawn 
tangent  to  the  work 
through  the  point  of  the 
tool,and  the  line  G  H  tan- 
gent to  the  circular  cutter 
at  the  point,  the  lines  will  '"*■ "" 

not  coincide  as  in  Fig.  22,  but  form  an  angle.  The  angle 
H  0  E  is  the  angle  of  clearance  when  the  tool  is  thus  set. 
Cutting  the  face  erf  the  notch  on  the  tool  below  the  center  will 
slightly  change  the  outline  of  the  cutting  edge,  because  a  section 
of  the  cutter  on  the  line  A  Bis  different  from  the  section  on  the 
line  C  D,  Fig.  21.  If  the  cutter  is  2^  inches  in  diameter,  the 
difference  in  section  caused  by  cutting  from  i  to  J  inch  below 
the  center  line  will  not  be  sufficient  to  cause  trouble  in  ordi- 
nary work.  If  an  exact  outline  is  required,  the  cutter  must  be 
formed  to  give  the  exact  outline  on  its  cutting  edge  and  not 
on  the  diametrical  section.  This  form  of  tool  is  sharpened 
by  grinding  the  top  cutting  face,  after  which  the  cutter  is 
revolved  sufficiently  to  bring  the  cutting  edge  level  with  the 
center  of  the  work. 


Stralght-Fac«d 


Pic.  23 

by  tightening  the  bolt  e,  which  has 


Forming  Tools. — ^Another  style 
of  forming  tool  is  shown  in  Figs.  23 
and  24.  The  heavy  cast  block, 
or  holder,  shown  in  Fig.  23,  is 
bolted  to  the  cross-slide.  In  the 
front  side  of  this  tool  block  is  cut 
a  dovetailed  slot  c,  into  which  is 
fitted  the  dovetailed  part  d  of  the 
forming  cutter.  Fig.  24.  The 
cutter  is  clamped  to  the  block 
special  clamp  head  /, 
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These  forming  cutters  are  shaped  along  the  front  edge  the 
same  as  ordinary  forming  tools,  so  that  the  section 
across  the  top  cutting  face  gives  the  deared 
outline.  They  are  so  set  in  the  holder  that  the 
*  front  face  b  has  a  slight  angle  of  clearance. 
The  top  face  a  is  ground  flat  and  set  at  the 
same  height  as  the  center  of  the  work.  This 
form  of  tool  is  very  rigid.  The  forming  tools 
just  described  are  so  fed  to  the  work  that  the 
cutting  edge  follows  in  a  line  that  would  pass 
*'"""       through  the  axis  of  the  work;  thus,  in   Fig.  21, 

as  the  tool  advances  to  take  a  deeper  cut,  it  moves  along 

the  horizontal  line  C  D. 


VEBTICAL-SUDB    FOBHINO    TOOI« 

34.     Vertical  Slide  for  HoldlngTools.— Another  method 
of  operating  forming  tools  is  by  means  of  a  vertical-slide  rest 


shown  in  Fig.  25.     Here  a  vertical  slide  is  clamped  to  the  back 
of  the  ordinary  cross-sUde.     When  this  slide  is  used  with  the 
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fonning  tool,  the  cutting  edge  does  not  move  in  a  line  that  would 
pass  through  the  axis  of  the  work,  but  in  a  line  tangent  to  the 
work.  Fig.  26  shows  a  side  elevation  with  the  fonning  cutter  c 
in  place.  The  cutting  edge  follows  the  line  A  B  as  the  tool 
moves  down  in  the  slide.  The  cutter  c  is  clamped  to  the 
block  fc  by  a  bolt  d.  The  slide  s  carrying  the  block  b  travels 
on  the  guide  (,  and  is  controlled  by  the  hand  lever/.  The  work 
is  shown  at  w. 

35.    Fonn   of  Tool   to    Prevent   Chattering. —  When 

tools  are  fed  toward  the  center  as  in  Fig.  21,  the  entire  cutting 


edge  is  acting  at  once.  If  the  cut  is  complicated  or  the  edge 
broad,  the  work  will  spring  and  chatter  because  of  the  broad 
cutting  edge.  When  the  vertical  slide  is  used,  the  cutting  face 
of  the  forming  tool  may  be  ground  with  considerable  slope  to 
one  side  so  as  to  prevent  chattering.  A  tool  thus  ground  is 
shown  in  plan  and  elevation  in  Fig.  27,  and  also  the  shape  of 
the  work  w  that  this  particular  form  of  tool  would  produce. 
As  the  tool  is  ted  downwards  past  the  work,  the  edge  or  point  a 
will  be  the  first  to  cut.  When  the  tool  is  still  farther  fed  along, 
the  point  a  soon  cuts  to  its  depth  and  passes  by  the  work, 
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while  other  points  along  the  cutting  edge  are  approaching  the 
work.  By  the  time  that  the  last  point  b  of  the  cutting  edge 
has  reached  the  work,  the  point  a 
and  all  the  other  points  along  the 
edge  have  passed  by,  having  done 
their  respective  parts  in  the  cutting. 
This  method,  therefore,  pennits  the 
use  of  broad-edged  forming  tools, 
since  the  action  is  a  shaving  one, 
and  whatever  the  total  length  of  the 
edge  of  the  forming  blade  may  be, 
only  a  small  part  of  it  cuts  at  a  time. 
This  same  principle  is  used  on  tools 
that  work  on  a  horizontal  slide  and 
,  cut  on  the  under  side  of  the  work. 


SPECIAL    FORUINO    HEADS 

36.     Arrangement. — When  very 

much    forming   is   to   be    done,   and 

greater  production    is   required   than 

J.    „  can  be  obtained   by  the  use  of  the 

forming  tools  just  described,  a  special 

forming  head  is  used  that  holds  two  forming  cutters,  one  at 

the  front  and  the  other  at  the  back  of  the  work.     Such  a 

fonning      attachment      is 

shown    in    Fig.    28.     The 

front    and    back    forming 

blades  a  and  b  are  held  in 

place  in  tool  blocks  c  and  d 

that  slide  in  the  base  e  and 

that  are  operated  by   the 

same  screw,  which   has  a 

right-hand  thread  at  one 

end  and  a  left-hand  thread 

of  equal  pitch  at  the  other,  

By  turning  the  hand  wheel  h,  the  blocks  c  and  d  advance 

or  recede  from  the  work  at  a  uniform  speed.     When  in  use. 
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the  blocks  and  blades  are  so  adjusted  that  each  fomung  blade 
is  cutting  to  the  same  depth.  The  hand  wheel  k  is  then  turned 
until  the  blades  have  entered  the  work  the  necessary  depth, 

37.  Form  of  Blades. — In  the  forming  attachments  using 
two  forming  blades,  the  edges  of  the  blades  are  not  exactly  alike. 
In  this  case,  the  back  tool  b  may  be  of  the  complete  outline;  the 
front  tool  a  is  similar,  but  has  notches  cut  along  its  face.  This  is 
shown  in  Fig.  29,  where  the  cutting  edges  of  the  forming  tools 
are  compared.  TTie 
back  tool  b  has  a  reg- 
ular outline,  but  the 
edge  (rf  the  front 
tool  a  is  slightly 
broken.  The  result 
is  that  the  shaving  is 
broken,  the  high  parts 
of  the  front  tool 
dcring  the  cutting  at 
the  points  i,  and  the' 
back  blade  taking  all  P'°  ^ 

the  remaining  parts.  The  strain  on  the  work  and  the  cutters 
is  very  much  relieved.  When  the  work  is  nearly  completed, 
the  front  blade  is  s%htly  backed  away  frcan  the  work  by  moving 
the  lever  /,  Fig.  28,  aUowijig  the  tool  at  the  back  to  finish  the  work 
smooth.  When  two  cuts  are  thus  taken  the  work  is  quite  well 
balanced,  but  to  steady  it  still  further,  a  steady  rest  with  V  j&ws, 
operated  by  the  crank  g,  is  used.  These  types  of  forming 
attachments  are  extensively  employed  in  bicycle  making  on 
such  work  as  hubs,  cones,  spindles,  pedal  pins,  and  similar 
pieces  that  are  cut  from  the  sohd  bar. 


SPECIAL    PABTINO    TOOU 

38.  Inverted  Parting  Tool. — Instead  of  the  regu- 
lar parting  tool  held  in  the  tool  post  for  cutting  off  the  finished 
work,  a  special  holder  for  blades  may  be  used,  as  shown  in  Fig.  30. 
This  tool  is  intended  to  be  employed  at  the  back  of  the  machine; 
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consequently,  the  blade  is  inverted,  with  the  cutting  edge  at  e. 
By  holding  the  cutting  blade  sloping,  as  here  shown,  the  tool 
will  have  top  rake,  which  will  add  to  its  efficiency. 


Combined  Parting  and  Forming  Tool. — When 
the  head  of  the  piece  to  be  cut  off  is  curved,  as  in  the  case  of 
round-headed  screws,  circular  forming  tools  may  be  employed. 


Fig.  31  shows  a  section  through  a  circular  forming  tool  that 
could  be  used  for  a  cuLiing-off  tool,  and  at  the  same  time  be  a 
forming  tool  for  the  head  of  ihc  work. 
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40.  steady  Rest  for  Turret  Work, — In  some  cases,  a 
steady  rest  must  be  used  in  the  turret  for  supporting  work. 
Suppose  the  piece  shown  in  Fig.  32  is  to  be  made.  The  body  a 
would  first  be  turned  to  size.  A  hardened-steel  sleeve  s,  shown 
in  section,  which  has  been  bored  to  fit  over  the  part  a,  would 
then  be  slipped  over  it  by  moving  up  the  turret.  This  supports 
the  work  while  the  head  b  is  being  formed  and  the  work  cut  off. 
This  method  of  supporting  the  end  may  be  applied  to  many 
classes  of  work. 

UNIVERSAL    HONITOB    LATHE 

41.  Description. — Another  class  of  turret  lathe  that  is 
extensively  used  for  brass  work  and  for  work  that  is  not  made 
on  the  ends  of  rods,  is  the  monitor  lathe,  shown  in  Pig.  33.  This 
style  of  lathe  lacks  the  rod  feed  and  bar  chuck  found  on  the 
regular  screw  machines.     The  work  performed  by  the  monitor 


Pic.  33 

lathe  is  usually  held  in  a  chuck  of  some  special  form  designed  for 
the' particular  work  at  hand.  The  turret  is  mounted  on  a 
double  slide,  so  that  it  can  move  along  the  line  of  centers, 
or  at  right  angles  across  the  lathe  to  make  facing  cuts.  This 
gives  a  combination  of  two  movements  for  the  turret  that  is 
not  used  on  the  screw  machines. 
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42.  Chasing:  Threads. — Besides  the  method  of  cutting 
screws  by  holding  dies  in  the  turret,  this  lathe  has  a  special 

attachmait  for  chasing  threads.  At  the  back  of  the  lathe, 
nicely  fitted  to  btorings  at  either  end  of  the  lathe  bed,  is  the 
large  round  chaser  bar  a.  Fig.  33,  which  is  free  to  move  in  the 
direction  of  its  length.  To  the  headstock  end  of  the  chaser 
bar  an  arm  b  is  rigidly  attached.  On  the  end  of  the  arm  b  a 
piece  c  is  fastened,  on  which  a  few  threads  are  cut  similar  to 
those  in  a  half  nut.  These  threads  engage  with  the  screw  d, 
seen  on  the  stud  of  the  lathe.  When  thus  engaged,  as  the  lathe 
revolves,  the  threads  on  the  piece  c  follow  the  threads  in  the 
screw  d.  This  motion  tends  to  feed  or  draw  the  chaser  bar  a 
throi^h  its  bearings.  To  stop  the  feed,  it  is  only  necessary  to 
lift  the  arm  and  the  threads  c  away  from  the  screw  d.  The  bar 
can  then  be  moved  back  to  its  starting  point.  Near  the  center 
of  the  bar  a  slide  rest  is  attached,  as  shown  at  e.  Extending 
over  the  bed  to  the  front  is  a  lever/  to  be  operated  by  hand. 

43.  Suppose  that  a  center  is  put  in  one  of  the  turret  holes 
and  the  work  held  between  centers  to  have  a  thread  cut  or 
chased.  The  tool  is  adjusted  in  the  tool  post  of  the  slide  e, 
Fig.  33,  so  that  it  just  touches  the  work  when  the  piece  c  is 
against  the  screw  d.  As  the  lathe  revolves,  the  tool  is  drawn 
along  and  a  thread  of  the  same  pitch  as  the  screw  d  is  chased  on 
the  work.  When  the  necessary  length  of  thread  has  been  chased, 
the  lever/  at  the  front  of  the  bed  is  lifted,  the  tool  being  thus 
raised  from  the  work  and,  at  the  same  time,  the  piece  c  from  the 
screw  d.  The  bar  is  then  moved  back  to  the  starting  point, 
the  tool  moved  forwards  a  little  on  the  slide  e.  and  the  lever  / 
is  again  dropped  until  the  piece  c  engages  with  the  screw  d, 
when  the  second  cut  may  be  taken.  This  operation  is  repeated 
until  the  required  depth  of  thread  has  been  chased.  Only  short 
threads  can  be  cut  by  this  method,  and  the  screw  d  must  be 
changed  for  every  different  pitch.  These  screws  d  are.  in  reality. 
shells  that  fit  over  the  spindle,  or  stud.  They  are  made  with 
various  pitches  of  threads  and  are  variously  called  leaders,  hobs, 
or  master  threads.  This  method  is  extensively  used  in  cutting 
the  threads  on  brass  pipe,  valves,  and  sunilar  work. 
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44,  Turret  Applied  to  Engine  Lathe. — ^For  chucking 
operations,  the  turret  may  be  applied  very  easily  to  an  ordinary 
en^e  lathe.  Suppose  that  a  great  many  pulleys  are  to  be 
bored  and  the  hubs  taced.  Instead  of  changing  the  tools  in 
the  tool  post  each  time  it  is  used  for  boring  and  reaming,  if  a 
turret  is  used  each  tool  can  be  kept  in  its  place,  much  time  being 
thus  saved.  Fig.  34  shows  a  set  of  tools  that  may  be  used  in  the 
turret  on  an  engine  lathe  for  such  work  as  boring  and  facing 
pulleys.  The  tool  shown  in  (ti)  is  a  flat  drill  used  to  remove  the 
scale  from  a  cored  hole  and  to  prepare  the  hole  for  the  chucking 


<")  <W  <e)  (d)  f«> 

Fio.34 

reamer  shown  in  (fc),  A  fluted  shell  reamer  tor  finishing  the 
holes  to  size  is  shown  in  (c),  and  in  (d)  and  (e)  are  shown  facing 
tools  whose  ends  h  have  been  turned  to  just  fit  the  bore  of  the 
pidley,  and  to  steady  the  tool  while  the  blades  k  are  cutting. 
The  edges  of  the  roughing  facing  tool  shown-  in  (d)  are  nicked  to 
break  the  shaving ;  the  cutter  blade  of  the  finishing  tool  shown  in 
(e)  has  a  straight  edge. 

45.  Turret  Applied  to  Heavy  Work. — Another  applica- 
tion of  the  turret  to  the  lathe  is  shown  in  Fig.  35.  In  this  case 
an  octagonal  turret  takes  the  place  of  the  saddle.  The  turret 
moves  automatically  along  or  across  the  bed  by  power  feed  and 
has  the  same  motion  as  an  ordinary  tool  post  in  the  lathe.     In 
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the  illustration,  an  engine  cylinder  head  22  inches  in  diameter  is 
being  finished.  Special  chuck  jaws  hold  the  work  to  the  face 
plate,  and  the  blocks  a,  which  have  been  faced  off  after  being 
bolted  to  the  face  plate,  aid  in  setting  the  work  true  with  the 
face  plate.  The  turret  has  flat  faces  on  its  sides,  so  that  spedal 
tool  holders  can  be  clamped  to  it.  By  the  use  of  these  holders, 
facing,  turning,  and  boring  tools  may  be  held  in  the  turret  and 
brought  in  quick  succession  to  perform  their  respective  duties. 
A  special  sbde  is  supphed,  when  required,  to  take  the  place  of 
the  tailstock.     This  makes  a  turret  lathe  out  of  the  engine  lathe. 


46.  Special  Turret  Lathe  for  Heavy  Work. — A  chuck- 
ing lathe  designed  for  the  heaviest  class  of  work  on  castings  or 
forgings  is  shown  in  Fig.  36.  The  machine  is  massive  in  deagn 
and  its  power  is  sufficient  to  take  the  heaviest  cuts.  Special 
forms  of  tools  and  cutters  arc  required  for  this  as  well  as  for  all 
turret  lathes  before  work  of  any  kind  can  be  done;  but,  once  the 
machine  is  equipped  with  a  set  of  took  designed  for  a  special 
ptirpose,  its  productive  capacity  is  very  great.  If  the  number 
of  like  pieces  to  be  finished  is  small,  it  will  rarely  pay  to  install 
one  of  these  machines;  but  if  a  considerable  number  of  pieces 
of  any  special  design  are  to  be  made,  such  a  machine  will  be 
a  valuable  addition  to  the  shop  equipment. 
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47.  Boring  Cone  Pulleys.— Fig.  37  illustrates  the  lathe 
shown  in  Fig.  36  fitted  up  to  bore  a  cone  pulley  k.  The  hub  is 
roughed  out  by  a  cutter  on  the  bar  c  and  finished  by  the  cutter 
on  the  bar  d.  The  steps  of  the  cones  are  bored  and  the  faces 
finished  by  the  special  tools  a  on  the  bar  b;  the  outer  edge  of  the 
pulley  is  faced  and  a  finishing  cut  taken  on  the  inside  of  the 
lai^est  cone  by  the  heads  e  and  /.  All  the  tools  are  provided 
with  extensions  on  the  ends  of  the  bars;  these  fit  bushings  in  the 
spindle  of  the  machine  or  the  chuck  and  thus  furnish  a  guide  for 
the  end  of  the  bar.  The  stiffness  of  the  tool  and  the  effective- 
ness of  the  machine  are  thereby  greatly  increased.  At  g  a 
series  of  screws  are  arranged  to  act  as  stops  for  the  various  tools. 
each  one  of  which  can  be  adjusted  separately.  In  the  illustra- 
tion, the  carriage  k  and  the  taper  attachment  i  are  not  in  use. 
These  cone  pulleys  may  be  finished  on  the  outside  on  the  same 
machine  by  mounting  them  on  suitable  arbors  and  turning  them 
with  special  tools  placed  on  the  carriage  k.  This  example  is 
given  simply  as  an  illustration  of  the  class  of  work  for  which  this 
style  of  machine  is  adapted. 

48.  Plat  Turret  lAthe.— The  flat  turret  lathe  shown  in 
Fig.  38  consists  of  the  usual  bed  a  carried  on  a  pan  b  to  catch 
chips  and  oil.  It  is  operated  throt^h  a  geared  head  c  that  has, 
in  addition  to  the  usual  movements  found  in  a  lathe  head,  a 
sidewise  movement  on  shdes  planed  at  right  angles  to  the  carri- 

■  age  Vs.  The  sidewise  movement  of  the  head  is  used  when 
radial  cuts  are  made.  A  lever  d  operates  the  bar  chuck.  The 
lever  e  controls  the  back  gears,  giving  three  speeds,  and  the 
lever  /  may  be  employed  to  give  the  additional  required  geared 
speeds.  A  plain  carriage  g  carries  the  flat  turret  and  tools  on  its 
top;  it  is  operated  through  the  apron  k  at  the  front  of  the  lathe. 
A  feed-rod  i  moves  the  carriage  by  power  through  suitable  gear- 
ing; but  the  carriage  may  also  be  moved  by  hand  by  use  of  the 
capstan  wheel  j.  The  finished  work  is  cut  from  the  bar  by  a 
cutting-off  tool  operated  by  the  tool  lever  k  on  the  turret.  The 
capstan  wheel  /  is  used  to  operate  the  cross-feed  by  hand. 
The  automatic  feed  of  the  carriage  is  thrown  in  and  regulated 
by  the  lever  at  the  front  of  the  carri^e;  and  nine  different 
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feeds  may  be  obtained  by  moving  the  lever  m.  A  belt-driven 
oil  pump  furnishes  oil  to  the  cutting  tools  from  the  oil  reser- 
voir in  the  bottom  of  the  pan.  The  head  is  driven  by  a  belt 
running  on  the  pulley  n,  and  the  shifter  o  provides  for  starting, 
stopping,  and  reversing  the  spindle. 

49.  Comparison  of  Engine  lathe  and  Turret  lathe. 

In  the  turret  lathe  there  are  several  holders  in  which  are  set 
a  number,  of  tools  that  are  brought  in  succession  against  the 
work,  so  that  the  operations  of  the  tools  follow  one  another, 
and  these  operations  can  be  repeated  without  resetting  the  tools. 
The  turret  lathe  is  thus  enabled  to  do  duplicate  work.  With 
the  regular  engine  lathe,  duplicate  work  depends  entirely  on  the 
skill  of  the  operator.  The  carriage  has  a  larger  bearing  and  the 
tool  holders  are  heavier  on  the  turret  lathe  than  on  an  ei^ne 
lathe  that  would  be  used  for  the  same  class  of  work,  insuring 
greater  rigidity.  Again,  the  turret  lathe  works  more  nearly 
automatically  than  the  engine  lathe.  Long  work  can  be  passed 
through  the  spindle  of  the  turret  lathe  and  through  the  tiuret. 
and  thus  can  be  handled  more  readily  than  on  the  ei^ine  lathe. 
Also,  bar  stock  can  be  fed  in  one  piece  to  the  turret  lathe,  the 
cutting  off  being  done  by  the  lathe  itself;  whereas,  "with  an 
engine  lathe,  the  bar  would  first  have  to  be  cut  in  pieces  of  the 
required  length. 

50.  Geared  Head. — The  head  of  the  lathe  shown  in  Fig,  38 
contains  the  back  gearing  and  the  speed-changing  gears,  by 
which  the  rate  of  turning  of  the  spindle  may  be  altered.  The 
handle  e  is  used  to  put  the  hack  gears  in  action  and  the  handle/ 
controls  other  gears  that  give  additional  speed  changes  to  the 
spindle.  An  ordinary  chuck  is  screwed  on  the  spindle  for  plain 
chuck  work;  but  an  automatic  chuck  is  placed  on  the  spindle 
when  bar  work  is  to  be  done.  The  bar  chuck  grips  the  bar  from 
which  the  work  is  to  be  made,  and  when  the  operation  is  com- 
pleted the  movement  of  a  lever  opens  the  chuck  and  starts  the 
roller  feed.  Stock  having  any  form  of  cross-section  may  be 
held  in  the  chuck,  but  a  set  of  jaws  conforming  to  each  section 
must  be  used. 
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51.     Roller  Feed  for  Bars. — While  the  lathe  is  in  motion 
the  bar  is  fed  through  the  spindle  by  the  roller  feed  shown  in 
Fig.  39.     In  the  illustration,  the  outer  shell  and  the  bearings 
of  the  shafts  are  shown  transparent,  so  as  to  make  the  inner 
construction  plain.     The  outer  shell,  which  carries  the  bearings 
of  the  shafts  to  which  the  gears  are  fixed,  is  fastened  to  the  lathe 
spindle  and  turns  with  it.     While  the  operation  is  being  per- 
formed, the  outer  shell,  the  spiral  gear  a,  and  the  spindle  ail 
rotate  together,  and  the  gears  inside  the  shell  have  no  relative 
motion.     But   when 
the    bar    chudt    is 
opened     a     pin    is 
pushed  forwards  and 
catches  one   of  the 
lugs  on  the  outer  face 
of  the  gear  a,   pre- 
venting    this     gear 
from  turning.    The 
)  shell    of    the    roller 
feed     continues     to 
turn  with  the  spin- 
dle, and  consequently 
two   spiral    gears   b 
are  turned  by  being 
moved     along     the 
edge  of  the  station- 
ary gear  a.    Each  of 
^'°^  the  gears  &  is  on  a 

shaft  that  carries  a  right-hand  worm  c  and  a  left-hand  worm  d. 
The  worms  in  turn  rotate  the  worm-gears  e  and  /  that  cause 
the  rolls  g  to  feed  the  stock  or  bar  through  the  spindle.  The 
rolls  are  adjusted  to  their  proper  working  distance  by  two 
screws  h.  A  scroll  chuck  at  the  back  of  the  roller  feed  brings 
the  bar  central  with  the  spindle  and  the  rolls  are  set  in  motion, 
when  the  bar  chuck  is  opened,  by  the  same  lever  that  opens 
and  closes  the  chuck.  The  bar  is  fed  up  against  the  stock  stop 
where  it  is  held  by  the  rolls  until  the  chuck  is  dosed,  which 
stops  the  roller  movement. 
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52.  Roller  Turner. — ^A  form  of  roller  turner  is  shown  in 
Fig,  40.  The  cutting  tool  a  is  damped  firmly  in  the  blodc  b 
by  the  setscrews  c,  and  the  wurk  to  be  turned  passes  between 
the  tool  and  the  rollers  d.  The  work  thus  rests  against  the 
rollers  while  the  tool  is  cutting.  The  blodc  b  is  movable,  its 
position  being  controlled  by  a  lever  e  and  thus  two  different 
diameters  may  be  turned  with  one  tool.  When  the  lever  is 
thrown  forwards  as  far  as  it  will  go  the  tool  is  in  its  farthest 
position  from  the  rollers  and  cuts  to  the  greatest  diameter  on  the 
work;  but  when  the  lever  is  drawn  back  to  the  position  shown. 


the  tool  is  forced  closer  to  the  work  and  cuts  to  a  smaller 
diameter.  The  travel,  or  swing,  of  the  lever  is  adjusted  by  the 
screws  /.  The  rollers  are  held  in  brackets  and  may  be  s^vung 
closer  together  or  farther  apart  by  turning  the  handle  g.  thus 
setting  them  to  suit  different  sizes  of  work.  Also,  the  rollers 
may  be  moved  sidewise  on  their  pins,  so  that  they  bear  either  on 
the  part  that  Ls  to  be  turned  or  on  the  part  that  has  been  turned ; 
that  is,  they  are  not  directly  opposite  the  tool.  The  positions 
erf  the  rollers  can  be  adjusted  very  accurately  by  setscrews  at 
the  back,  but  not  shown  in  the  illustration. 
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63.  Construction  of  Flat  Turret. — ^The  flat  turret  a, 
shown  partly  in  section  in  Fig.  41,  consists  of  a  flat  circular  plate 
that  rests  on  a  flat  bearing  on  the  carriage  b.  It  is  held  in  place 
by  the  center  pin  c  on  which  it  rotates  and  by  the  circular  gib  d 
that  is  screwed  to  the  canine.  The  tool  holders  have  tongues 
on  their  lower  surfaces,  and  these  tongues  are  set  in  the  slots  e  in 
the  plate  a,  after  which  the  holders  are  bolted  firmly  to  the  plate. 
The  turret  is  rotated  on  the  pin  c  to  bring  each  tool  into  position 
for  cutting.  The  rotation  is  accomplished  by  turning  the  pilot 
wheel  and  running  the  carriage  back  until  the  end  of  the  rack  / 
strikes  a  back  stop  fixed  to  the  bed  of  the  lathe.  As  the  carri- 
age continues  to  move,  the  rack  is  pi:shed  into  the  turret  and  the 


end  g  strikes  the  pawl  h  on  the  lever  i,  which  is  pivoted  at  /. 
The  lever  is  thus  forced  down,  and  its  free  end  pushes  the  pin  k 
down  and  thus  frees  the  turret  plate  a.  The  latch  /  then  hooks 
over  the  lever  i  and  holds  it  down  while  the  plate  is  being  turned. 
54.  The  turning  of  the  plate  a,  Fig.  41,  is  done  by  the 
rack  /,  which  is  notched  so  as  to  engage  the  teeth  m  on  the 
ratchet  gear  n.  The  rack  is  held  stationary  by  the  back  stop, 
and  the  movement  of  the  carriage  brings  one  of  the  teeth  m 
of  the  ratchet  gear  n  against  the  rack  and  so  turns  the  gear. 
The  projection  o  on  the  upper  face  of  the  ratchet  gear  catches 
the  pin  p  and  thus  turns  the  turret  plate  a.  When  the  plate  has 
turned  almost  to  its  correct  position,  a  screw  not  shown  in  the 
illustration  strikes  the  latch  I  and  unhooks  it  from  the  lever  i. 
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thus  allowing  the  pin  fe  to  be  forced  up  by  the  spring  beneath  it. 
When  the  turret  rotates  to  its  proper  position,  the  pin  k  springs 
up  into  a  hole  or  bushing  in  the  under  side  of  the  turret  plate 
and  locks  it  in  place.  The  tool  is  now  fed  up  to  the  work 
by  turnir^  the  pilot  wheel.  As  the  carriage  is  moved  up,  the 
rack  /  is  held  for  a  moment  by  a  clip  that  fits  over  the  lugs  at  its 
outer  end.  The  rack  is  thus  pulled  out  again  to  the  position 
shown,  ready  for  the  next  rotation  of  the  turret.  When  the 
rack  is  thus  moved  out,  the  ratchet  gear  n  turns  backwards 
freely  under  the  pin  p  without  moving  the  turret.  When  the 
carriage  has  moved  forwards  far  enough  to  return  the  ratchet 
gear  to  its  original  position,  the  rack  strikes  a  stop  on  the  carriage 
and  is  brought  forwards  with  the  canine  and  thus  drawn  away  ■ 
£Fom  the  cEps. 

55.  Stop  Systems. — In  the  flat  turret  lathe  shown  in 
Fig.  38,  the  movement  of  the  carriage,  and  consequently  the 
travel  of  the  tool,  is  limited  by  asystem  of  stops  and  stop-bars, 
as  shown  in  Fig.  42,  in  which  (a)  is  an  enlarged  view  of  a  part 
of  the  mechanism  shown  in  (fc).  The  stop-bars  a  consist  of 
twelve  rectangular  bars,  known  as  A  stop-bars  and  B  stop-bars. 
One  of  each  corresponds  to  each  of  the  six  divisions  of  the  turret, 
as  indicated  by  the  ntimbers  A  1  and  B  1,  A  2  and  B  2,  etc. 
The  object  of  using  two  stop-bars  for  eat^  division  of  the  turret 
is  to  allow  two  successive  movements  to  be  given  to  a  tool 
during  one  operation.  Above  the  ends  of  the  stop-bars  is  a 
series  of  twelve  stop-bolts  b,  one  for  each  bar,  known  as  A  stop- 
bolts  and  B  stop-bolts,  and  standing  vertically  in  a  slot  in  the 
carriage  c.  The  upper  end  of  each  bolt  is  formed  with  a  T  head, 
and  a  lifting  crank  d  pivoted  on  the  carriage  has  a  tongue  that 
fits  under  the  T  heads  of  each  pair  of  stop-bolts;  that  is,  there 
are  six  lifting  cranks  to  the  twelve  stop-bolts.  Behind  each 
lifting  crank  and  bearing  ag^st  its  back  face  is  a  tappet  rod, 
one  of  which  is  shown  at  e.  This  tappet  rod  extends  from  the 
crank  to  the  face/  of  the  turret. 

56.  While  the  turret  is  being  turned,  one  end  of  the  tappet 
rod  e.  Fig.  42,  bears  gainst  the  circular  face  /  and  the  other 
end  presses  against  the  Ufting  crank,  holding  it  up  and  thus 
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preventing  any  of  the  stop-bolts  from  dropping  lower  in  the 
slot.  When  the  turret  has  turned  so  as  to  bring  the  tool  in  the 
first  section  to  the  proper  position,  the  pin  k.  Fig.  41,  springs  into 
its  bushii^  and  locks  the  turret  in  position,  as  already  explained. 
When  the  turret  reaches  this  position,  the  recess  g.  Fig.  42, 
stands  opposite  the  end  of  the  tappet  rod  e.  The  A  1  stop-bolt  b 
then  falls  of  its  own  weight,  turning  the  lifting  crank  d  and  forc- 
ing the  end  of  the  tappet  rod  e  into  the  recess  g.  The  stop-bolt  b 
now  rests  on  top  of  the  A  1  stop-bar,  and  the  turret  is  locked  in 
position  with  the  tool  clamped  in  its  holder  in  slot  1  ready  to 
perform  its  work.  The  carriage  is  now  moved  up  toward  the 
headstock,  thus  bringing  the  tool  against  the  work.  During 
this  movement  the  stop-bolt  b  simply  shdes  along  the  top  of 
the  corresponding  stop-bar;  but  as  it  comes  near  the  end  of  the 
stop-bar  it  falls  into  the  notch  cut  in  the  upper  surface  of  the 
bar.  Further  movement  of  the  carriage  brings  the  stop-bolt 
gainst  the  square  shoulder,  as  shown,  and  the  movement  of  the 
carriage  is  stopped;  in  other  words,  the  meeting  of  the  stop-bolt 
and  the  shoulder  of  the  notch  in  the  stop-bar  determines  how  far 
the  carri^e  shall  move,  and  therefore  how  far  the  tool  shall 
travel. 

57,  If  only  one  stop  is  used  for  each  numbered  section  of  the 
turret,  it  will  be  necessary  to  employ  only  six  stop-bars  and  stop- 
bolts.  The  other  six  stop-bolts  are  then  held  out  of  action  by  a 
simple  device  consisting  of  a  series  of  lifters  operated  by  a  handle. 
In  the  particular  case  shown,  the  A  stops  are  being  used,  and 
the  handle  h,  Fig.  42,  that  controls  the  lifters  is  set  so  that  the 
pin  i  in  the  rod  attached  to  the  handle  is  in  the  notch  marked 
A  STOPS  IN,  Along  the  sides  of  the  rod  are  six  lifters  ;'  that 
fit  under  the  T  heads  of  the  six  B  stop-bolts  and  hold  them  up, 
so  that  they  carmot  drop  even  when  the  tappet  rod  enters  the 
recess  in  the  turret  plate.  In  this  way  only  the  A  1  stop-bolt 
will  act  to  stop  the  travel  of  the  tool  on  section  1  of  the  turret. 
If  two  stops  are  used  on  one  section,  as  section  1 ,  the  handle  h  is 
first  set  as  shown,  and  the  A  1  stop  is  used.  Then  the  handle 
is  moved  so  that  the  pin  i  is  in  the  slot  marked  B  stops  in,  and 
this  throws  the  lifters  /  under  the  A  stop-bolts  and  allows  the 
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B  stop-bolts  to  act  so  as  to  limit  the  travel  erf  the  tool  for  the 
next  cut.  The  action  of  the  B  stop-bolts  is  exactly  the  same  as 
that  <rf  the  A  stop-bolts.  If  it  is  desired  to  prevent  either  set 
of  stops  from  acting,  the  lever  k  is  turned  so  that  the  pin  i  is  in 
the  central  notch.  This  process  moves  one  of  the  lifters  /  under 
each  pair  of  stop  bolts,  and  none  of  them  can  drop. 

58.  There  are  six  tappet  rods  like  e.  Fig.  42,  one  corre- 
sponding to  each  lifting  crank.  Also,  there  are  six  recesses  like  g 
in  the  turret  plate,  one  for  each  section  of  the  turret,  and  these 
recesses  face  up  and  down  alternately.  When  the  turret  is 
turned  and  one  of  these  recesses  swings  past  the  ends  of  the 
tappet  rods,  the  weight  of  the  stop-bolts  forces  the  tappets  into 
the  recess,  one  after  another.  But  the  recess  has  sloping  sides, 
so  that,  as  the  turret  continues  to  turn,  the  tappets  arc  forced 
out  again,  lifting  the  stop-bolts  that  have  dropped.  When  the 
turret  reaches  its  new  position  and  is  locked  by  the  pin  under 
the  turret  plate,  a  recess  is  opposite  the  end  of  the  tappet  rod 
corresponding  to  that  particular  section,  and  the  tappet  rod 
moves  into  it.  The  other  five  tappet  rods  now  bear  against  the 
face  /,  and  so  keep  the  other  five  lifting  cranks  from  turning, 
which  in  turn  prevents  their  stop-bolts  from  dropping.  The 
six  recesses  in  the  turret  plate  are  not  equally  spaced  around  the 
plate,  but  are  cut  so  that  each  is  opposite  the  proper  tappet  rod 
when  its  corresponding  turret  section  is  in  use.  After  a  stop- 
bolt  has  acted  to  stop  the  carriage  it  is  lifted  to  its  original  posi- 
tion either  by  shifting  the  handle  h  or  by  turning  the  turret  to  a 
new  position,  which  would  force  the  tappet  rod  out  of  the  recess 
and  so  turn  the  lifting  crank  and  raise  the  stop-bolt. 

59.  If  more  than  two  stops  must  be  used  to  give  the  desired 
movements  to  a  tool,  the  auxiliary  stop-pin  k.  Fig.  42  (6).  may 
be  placed  in  one  of  the  holes  /  so  as  to  act  on  one  of  the  B  stop- 
bars  that  is  not  in  use  with  the  A  or  B  stops.  This  pin  is  put 
in  and  removed  by  hand,  and  acts  in  the  same  way  as  a  stop- 
bolt;  that  is,  it  rides  along  the  stop-bar  until  it  falls  into  the 
notch  and  stops  the  carriage.  If  the  carriage  is  to  be  stopped 
while  feeding  backwards,  or  away  from  the  chuck  or  headstock, 
the  stop-bar  should  be  turned  upside  down,  so  that  the  slop- 
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bolt  will  mme  gainst  the  squared  end.  Each  stop-bar  is 
adjusted  with  the  turret  turned  to  its  proper  position  and  the 
tool  nm  to  the  limit  of  its  cut.  The  position  of  each  bar  after 
adjustment  is  maintained  by  tightening  the  setscrews  m,  and 
after  all  the  bars  are  set,  they  are  clamped  tightly  by  the  screw  n. 

60.  The  stop  system  just  described  limits  the  travel  of  the 
tool  parallel  to  the  V's  of  the  lathe.  A  system  of  stops  is  also 
used  in  connection  with  the  movable  head,  which  is  so  arranged 
that  it  can  be  moved  at  right  angles  to  the  V's.  This  movement 
enables  shoulders  to  be  cut  and  facing  cuts  to  be  made.  The 
cross-stops  for  the  head  consist  of  nine  rectangular  notched 
bars  p,  Fig.  38,  set  crosswise  of  the  bed  under  the  head.  They 
resemble  the  stop-bars  already  described  and  are  set  in  a  similar 
manner.  There  is  only  one  stop-bolt,  however,  as  at  q.  In 
the  casting  above  the  stop-bars  are  nine  bushed  holes  corre- 
sponding to  the  bars.  The  stop-bolt  is  dropped  by  hand  into 
any  desired  hole,  and  the  pin  then  rides  on  the  bar  until  the  head 
is  moved  as  far  as  it  should  go,  when  the  bolt  drops  into  the  slot 
in  the  bar  and  prevents  further  motion.  The  notches  in  the  bars 
have  square  shoulders  at  both  ends,  and  the  bolt  may  be  used 
to  stop  the  motion  of  the  head  in  either  direction.  The  stop- 
bolt  must  be  shifted  by  hand  for  each  different  movement  of  the 
head.  There  is  an  arrangement  by  which  the  head  may  quickly 
be  brought  to  a  central  position  for  bar  work  or  similar  work. 

61.  Flat-Turret  Chuck  Work. — An  illustration  of  the 
order  in  which  a  number  of  operations  are  performed  on  a  piece 
of  chuck  work  and  the  tools  used  to  make  the  cuts  is  shown 
in  Fig.  43  (a),  and  the  dimensioned  cast-iron  piece  is  shown  in 
(fr).  The  piece  a  is  gripped  by  special  chuck  jaws  6  with  the 
head  set  central.  The  first  turret  tool  to  be  used  is  the  twist 
drill  c  to  form  the  central  hole,  thus  bringing  one  turret  stop  into 
use.  In  the  second  operation  two  tools  d  and  e  are  used;  the 
first  is  set  to  rough  turn  the  hub  and  the  other  to  turn  the  out- 
side of  the  rim.  One  turret  stop  is  required  in  this  operation  to 
determine  the  length  of  hub  to  be  turned  and  one  head  stop 
with  the  head  set  far  enough  to  the  rear  of  the  machine  to  enable 
the  tools  to  make  the  two  cuts.     The  third  position  of  the 
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turret  shows  three  facing  tools/,  g,  and  h,  two  straight  and  one 
bent,  rough  facing  the  outer  end  of  the  hub  and  the  two  sides 
of  the  rim.  One  turret  stop  and  one  head  stop  are  required  in 
this  operation,  which  completes  the  roughing  cuts  on  six  dif- 
ferent surfaces.  The  fourth  turret  section  has  three  tools  t,  j, 
and  k,  similar  to  those  used  on  the  third  section  and  which  are 
employed  in  the  same  manner  to  finish  the  three  surfaces  at 
once,  both  tiuret  and  head  stops  being  used.     In  the  fifth  turret 


(b)  Fio.  43 

operation  two  tools  /  and  m  similar  to  those  used  in  the  second 
operation  arc  used;  they  finish  the  two  surfaces  roughed  in  the 
second  oijcration.  The  sixth  turret  section  holds  a  special 
cutter  n  for  finishing  the  hole  by  one  cut.  The  turret  operations 
are  thus  completed  on  six  different  surfaces  with  twelve  cuts. 
The  work  is  completed  by  feeding  a  facing  cutter  o  against  the 
inside  end  of  the  hub.  The  facing  cutter  is  on  a  shank  passed 
through  the  hollow  spindle  p  and  is  kept  from  rotating  by  a  hand 
lever  that  is  also  used  to  feed  the  cutter  against  the  hub. 
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62.  The  piece  of  work  shown  in  Fig.  43  was  completed  in 
10  minutes,  with  thirteen  different  cuts.  Each  tool  is  made  of  a 
size  proportionate  to  the  work  it  has  to  do  and  the  distance  it 
will  extend  unsupported  beyond  the  turret.  The  bent  tools 
used  on  the  third  and  fourth  sections  of  the  turret  must  extend 
farther  than  the  others;  so  a  special  extension  plate  q,  to  which 
the  tools  are  secured,  is  bolted  to  the  turret.  Each  tool  is  so 
set  that  it  has  the  least  possible  overhang,  insuring  rigidity; 
also,  each  one  lasts  much  longer,  because  it  is  employed  for  only 
one  part  of  the  work.  

AUTOMATIC    SCREW    MACHINES 

63.  Characteristic  Feature. — The  autojnatic  screw 
machine  is  distinguished  by  the  fact  that  its  movements  are 
made  automatically  instead  of  by  hand.  A  series  of  cams  and 
levers  control  the  working  of  each  part  of  the  machine.  The 
introduction  of  the  automatic  control  makes  the  machine  much 
more  complicated  than  the  simple  hand  machine. 

64.  Setting  Up  Automatic  Machines. — Whenever  a 
piece  of  a  certain  shape  is  to  be  made,  a  special  cam  must  be 
designed  that  will  give  the  proper  movements  to  the  parts. 
A  specially  designed  cam  and  a  new  arrangement  of  tools  is 
required  for  every  new  shape  of  work.  These  factors  also  vary 
for  each  make  of  machine.  The  cutting  tools  are  the  same  in 
principle  for  the  automatic  as  for  the  hand  machines;  hence,  no 
special  description  is  necessary. 

65.  Wlien  to  Use  Turret  lAthes. — Before  a  piece  of 
work  can  be  successfully  made  on  a  turret  lathe,  some  special 
fixtures  must  be  made  and  the  machine  adjusted;  it  then  pro- 
duces finished  pieces  much  faster  than  the  engine  lathe.  In 
determining  whether  it  is  profitable  to  use  the  hand  turret  or  the 
automatic  turret  lathe  the  amount  of  finished  work  to  be  pro- 
duced must  be  considered.  It  will  not  pay  to  make  special 
tools,  or  even  to  take  the  time  to  set  up  an  automatic  turret 
lathe  unless  the  number  of  pieces  to  be  finished  is  large  enough 
tiiat  the  saving  in  time  overbalances  the  cost  of  making  special 
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tools  and  fixtures.  The  hand-turret  lathe  may  be  employed  for  a 
moderate  number  of  pieces;  but  if  there  are  only  a  very  few,  a 
chucking  machine  or  the  engine  lathe  should  be  used. 


SPECIAL  FORMS  OF  LATHES 


TOOLMAKBB8'    LATHE 

66.  General  Description. — The  term  tooknakers'  lathe 
is  applied  to  lathes  of  the  fonn  shown  in  Fig.  44  having  frotn  10 
to  16  inches  swing.  In  appearance,  it  is  similar  to  the  regular 
screw-cutting  engine  lathe.     It  is  equipped  with  taper  attach- 


ment, compound  rest,  and  special  chucks,  and  is  made  with  a 
greater  degree  of  perfection  than  is  the  ordinary  engine  lathe. 

67.  The  carriage  of  the  lathe  shown  in  Fig.  44  has  a  plain 
risc-and-f  all  rest  which  has  the  advantage  of  being  more  quickly 
adjusted  for  height  of  tool  and  for  turning  to  size  than  the  rest 
commonly  used.     The  tool  rest  consists  of  a  T-shaped  casting 
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Hed  on  two  V's  on  the  carri^e  at  right  angles  to  the  V's 
le  bed.  A  vertical  screw  through  the  back  end  of  the  slide 
.ves  to  raise  or  lower  the  back  end  any  required  distance. 
This  screw  also  furnishes  a  very  delicate  means  for  adjusting  the 
setting  of  the  tool  when  turning  to  size,  as  it  has  no  backlash. 
The  slide  is  held  down  by  a  spiral  spring,  one  end  of  which  is 
fast  to  the  T  slide  and  the  other  to  a  projection  extending  down 
from  the  bridge  of  the  saddle.  The  larger  sizes  of  toolmakers' 
lathes  are  provided  with  gear-box  feeds,  carriages  of  the  gib 
form,  and  with  motor  and  geared -head  drive,  as  may  be 
required. 

68.  The  live  spindle  of  the  lathe  illustrated  in  Fig.  44  is 
shown  in  Fig.  45.  The  nose  is  threaded,  as  shown  at  a,  and 
the  remainder  is  turned  parallel,  as  indicated  by  the  dotted 
lines  b.    A  conical  bushing  c  is  placed  on  the  parallel  part  and 


the  face  and  chuck  plates  are  bored  tapering  to  fit  the  tapered 
bushing.  The  advantage  of  this  construction  is  that  the  face 
plate  is  drawn  up  tightly  by  the  thread  against  the  taper  on  the 
bushing,  which  centers  the  face  plate  or  chuck  very  accurately 
and  holds  it  rigidly. 

69.  Special  Chucks. — On  toobnakers'  lathes  special 
chucks  are  used  for  holding  rods  or  bars  of  different  sizes.  They 
are  similar  in  principle  to  those  used  on  turret  screw  machines. 
The  collets  shown  in  Figs.  2  and  3  are  known  as  push-in  collets; 
that  is,  they  are  pushed  into  a  taper  hole  to  close  them.  Another 
style  of  collet  that  works  on  the  same  principle  is  the  draw~in 
collet,  in  which  the  bevel  on  the  large  end  slopes  in  an  opposite 
direction  to  that  shown  in  Fig.  3,  so  that,  to  close  the  chuck,  it 
is  drawn  into  a  tapered  hole  in  the  headstock.  This  latter  style 
is  very  commonly  used  on  toobnakers'  lathes. 
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BENCH    LATHES 

70.  When  small  work  must  be  finished  with  considerable 
accuracy,  the  ordinary  engine  lathe  is  too  large  and  clumsy, 
and  the  hand  lathe  pos- 
sesses neither  the  accu- 
racy nor  the  attachments 
necessary  for  the  work,  ■ 
Therefore,  the  bench 
lathe,  or  precision  lathe. 
Fig.  46,  may  be  used  to 
finish  this  class  of  work. 
It  is  fitted  with  a  double 
slide  rest  having  auto- 
matic feed.  The  slide 
rest  may  be  removed 
and  other  attachments 
substituted  for  special 
milling,  grinding,  or  hand- 
L  ^  tool  and  drilling  oper- 
ations. For  cutting 
threads,  a  chaser  bar  is 
provided ;  this  is  operated 
like  the  one  described  in 
connection  with  turret 
monitor  lathes.  Special 
draw-in  collets  are  used 
to  hold  small  rods. 
These  lathes,  while  not 
in  reality  watchmakers' 
lathes,  resemble  them. 
They  are  intended  only 
for  Ught  work.  The  tail- 
stock  of  the  lathe  shown 
in  Fig.  46  has  no  set-over 
and  provision  for  turning  a  taper  is  made  by  setting  the  top  ^ 
slide  of  the  compound  rest  to  the  given  angle  of  taper  to  be 
turned.     A  train  of  change  gears  on  the  head  is  provided  for 
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feeding  and  thread  cuttii^.  The  large  cone-pulley  flange  is 
drilled  with  a  number  of  index  circles  to  be  used  for  direct 
indexing,  when  cuttii^  small  gears  or  cutters  or  dividii^  circles. 
The  spindle  is  held  stationary  during  a  cut  by  a  pin  that  passes 
through  a  bracket  on  the  head  and  enters  any  required  hole  in 
the  selected  index  circle. 

71.  Driving. — The  bench  lathe  should  be  secured  firmly 
to  a  rigid  bench  facing  a  window  where  a  good  light  can  be  had. 
as  m  Fig.  47.  It  is  usually  driven  by  a  belt  a  from  the  main 
shaft  to  the  jack-shaft  b,  which  carries  a  number  of  pulleys  c  of 
different  diameters  to  give  the  necessary  countershaft  speeds. 
A  countershaft  d  is  held  in- brackets  on  a  frame  secured  to  the 
wall  midway  between  the  lathe  and  the  jack-shaft,  and  on  it  are 
a  pair  of  tight  and  loose  pulleys  e  corresponding  to'  each  driving 
pulley  on  the  jack-shaft. 

A  shifter  operated  by  a  cord /is  used  to  move  each  belt  from 
the  loose  to  the  tight  pulley  to  be  used  for  any  required  counter- 
shaft speed.  The  countershaft  also  has  a  cone  pulley  g  for 
varying  the  spindle  speed  of  the  lathe  in  connection  with  the 
cone  h.  A  second  shaft  i  is  provided  on  the  countershaft  hanger 
and  is  driven  through  the  pulley  ;'  by  the  large  pulley  k  on  the 
jack-shaft.  The  shaft  i  carries  a  grooved  pulley  l  that  is  used 
to  drive  a  grinding  attachment  clamped  on  the  slide  rest. 


PLAIN    TAPER-TUBNINO    LATHB 

72,  A  type  of  lathe  used  for  both  pl^  and  taper  turning  is 
shown  in  Fig.  48.  The  lathe  shown  is  made  without  back  gears 
when  it  is  to  be  used  for  light  work ;  but  is  built  with  them  if  it  is 
to  be  used  for  heavy  roughing  cuts.  The  headstock  and  the 
tailstock  are  carried  on  the  V's  of  a  plate  or  secondary  bed  that 
is  secured  to  the  main  bed  by  being  so  pivoted  in  the  center 
that  it  may  be  set  at  an  angle  to  the  V's  of  the  main  bed  on 
which  the  carriage  runs.  The  secondary  bed  is  set  by  means  of 
a  scale  at  the  end,  in  much  the  same  manner  as  the  guide  bar 
of  the  taper  attachment,  and  clami)ed  in  position  by  bolts 
shown  under  the  bed  at  each  end. 
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The  advantage  of  this  lathe  is  that  the  axes  d  the  headstock 
and  tailstock  spindles  are  always  in  line,  which  prevents  wear  (rf 


the  centers;  also,  any  length  of  taper  can  be  turned  without 
resetting  and  there  is  no  lost  motion  such  as  is  S(^netimes  found 
in  the  taper  attachment. 
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OAF    LATHB 

73.  A  style  of  lathe  often  seen  in  shops  where  large  lathes 
of  considerable  swing  are  seldom  needed,  is  the  gap  lathe, 
shown  in  Fig.  49.  Its  principal  feature  is  the  second  bed  a, 
which  slides  on  the  main  bed  b.  When  ordinary  work  is  to  be 
turned,  the  top  bed  is  moved  up  very  dose  to  the  face  plate, 
nearly  closing  the  gap  g.  It  is  then  used  as  an  ordinary  lathe. 
When  a  particularly  large  piece  is  to  be  turned,  the  upper  bed 
is  moved  away  from  the  headstock  by  turning  the  hand  wheel  c, 
thus  opening  the  gap  g  and  giving  the  lathe  its  full  swing  over 
the  main  bed  b.  The  lead  screw  of  this  lathe  is  at  the  back  and 
can  be  seen  near  the  bottom  of  the  gap. 


TWO-SPINDLB    LATHB 

74,  Dlsjtlngulahlng  Features. — ^A  lathe  that  in  many 
shops  answers  for  large  and  small  work  is  the  two-spindle  lathe 
shown  in  Fig,  -50,    For  ordinary  work,  the  lower  spindles 


a  and  b  are  used;  but  when  the  piece  is  too  large  to  be  swung  on 
the  lower  set  of  spindles,  the  high  ones  c  and  d  are  employed 
and  the  tool  post  is  blocked  up  by  using  a  special  cross-sUde. 
The  method  of  driving  the  upper  spindle  by  a  pinion  on  the  lower 
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spindle  engaging  the  internal  gear  on  the  back  of  the  face  plate 
gives  a  powerful  and  steady  movement  to  the  work. 

75.  Blocking  Up  of  Lathes. — It  is  common  practice 
in  lathe  work,  whon  the  piece  to  be  operated  on  is  a  little  too 
large  to  be  swung  in  the  lai^est  lathe,  to  block  up  the  headstock 
and  tailstock  by  putting  under  them  wooden  or  iron  blocks  until 
the  centers  are  sufficiently  high  above  the  bed  to  allow  the  work 
to  swing.  The  gap  lathes  and  the  two-spindlc  lathes  are  intended 
to  replace  the  blockcd-up  lathe.  The  lathes  thus  far  mentioned 
have  been  of  the  same  type  as  the  standard  engine  lathe,  with 
only  sUght  modifications.     

axlB  lathe 

76.  Specially  designed  lathes  are  often  made  when  there  is 
enough  of  a  particular  kind  of  work  to  warrant  them.  Car 
axles  may  be  turned  on  an  ordinary  engine  lathe ;  but  the  work 
may  be  done  much  faster  on  one  of  special  design,  such  as  is 
shown  in  Fig.  51.  This  axle  lathe  is  so  designed  that  the  two 
ends  of  the  axle  may  be  turned  at  the  same  time,  which  is  accom- 
plished by  placing  the  driving  head  in  the  center  of  the  lathe  bed. 
This  allows  the  work  to  be  turned  on  dead  centers,  which  is 
necessary  when  accuracy  is  desired ;  also,  it  leaves  the  ends  free, 
so  that  a  cut  may  be  taken  on  each  end  at  the  same  time.  The 
driving  head  is  operated  by  gearing  connected  by  a  shaft 
with  the  cone  pulley  seen  at  the  left.  The  axle  shown  in  place 
in  the  lathe  is  handled  by  the  overhanging  crane. 

77.  After  the  work  is  adjusted  between  the  centers,  the 
dog  or  driver  is  put  in  place.  An  equalizing  dog  or  a  two-tailed 
dog  operated  by  an  equalizing  device  should  be  employed,  so 
that  the  force  requifed  to  drive  the  work  will  not  spring  the  axle. 
Chucks  cannot  be  used,  as  they  spring  the  work.  Means  are 
provided  for  keeping  a  large  supply  of  soda  water  flowing  on 
the  tool  durint;  the  cut.  When  the  lathe  is  oixrated  with  high- 
s|X!cd  steel  tools  it  is  of  heavier  construction  and  usually  motor- 
driven. 
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WHEEL    LATHE 

78.  A  style  of  lathe  especially  designed  for  turning  locomo- 
tive driving  wheels  after  they  have  been  pressed  on  to  an  axle 
is  shovm  in  Fig.  52.  It  is  designed  with  two  driving  heads  and 
two  tool  rests,  thus  enabling  the  operator  to  turn  both  driving 
wheels  at  the  same  time.  There  are  no  feed-rods  along  the  bed 
to  operate  the  tool  carriages,  as  found  in  ordinary  lathes.  The 
tool  carriage  ordinarily  used  is  similar  to  the  compound  rest. 


and  it  may  be  turned  on  its  base  and  set  at  any  angle.  Two 
slides  allow  the  tool  to  be  moved  in  two  directions,  at  right 
angles  to  each  other.  Screws  for  moving  the  shdes  are  operated 
by  a  lever  a  connected  to  the  feed-screws  by  ratchets  b.  These 
levers  are  moved  automatically  by  levers  and  cams  in  a  separate 
mechanism  above  the  lathe,  to  which  they  are  connected  by 
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79.  After  the  wheels  on  the  axles  are  put  between  the  centers 
in  Fig.  52,  the  drivers  c  shown  on  each  face  plate  are  so  adjusted 
against  each  wheel  that  it  is  driven  from  its  face  plate.  These 
lathes  may  also  be  used  for  boring  the  tires  of  loccmaotive 
driving  wheels,  the  tires  being  bolted  to  the  face  plates  and 
bored  and  faced,  as  in  ordinary  face-plate  work.  This  method 
of  boring  tires  is  seldom  employed,  as  they  can  be  bored  much 
better  on  a  vertical  boring  mill.  Drivii^-wheel  lathes  intended 
for  the  lai^er  and  heavier  wheels  are  set  so  that  the  top  of  the 
bed  is  level  with  the  floor,  which  allows  the  wheels  to  be  rolled 
in  and  out  without  unnecessary  hoisting.  They  are  of  very  rigid 
constraction  and  are  usually  driven  by  motors,  of  sudi  power 
that  the  lathes  can  be  run  up  to  the  capacity  of  high-speed  steel 
tools. 


PUU£T    LATHE 

80.  A  type  of  lathe  specially  designed  for  turning  pulleys 
is  shown  in  Fig.  53.  The  lathe  has  two  tool  rests  so  that  two 
tools  may  be  used,  one  at 
the  front  and  one  at  the 
back  of  the  machine. 
Special  driving  dogs  at- 
tached to  the  face  plate 
drive  the  pulley  by  its 
arms. 


81.    Description. 

Hand  lathes  or  speed 
lathes  are  the  smaller 
iS  6£  lathes  used  for 
I  drilling  and  such  other 
t  operations  as  can  be  per- 
formed with  tools  held  in 
the  hand,  or  for  opera- 
tions that  require  a  higher  speed  of  work  than  can  be  obtained 
by  the  ordinary  turning  lathe.     These  lathes  are  without  back 
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gears  or  slide  rests.  Fig.  54  shows  a  standard  type  of  hand 
lathe.  It  is  mounted  on  a  table,  which  makes  a  convenient 
place  for  holding  tools  and  work. 

82.    Uses. — ^Work  that  is  of  irregular  outline,  requiring 
the  use  of  hand  tools,  is  often  finished  on  the  hand  lathe.    A 


small  chuck  fitted  to  the  spindle  of  the  lathe  is  very  convenient 
for  turning  or  pcrinting  small  rods  and  pins,  and  a  variety  of 
similar  work.  Drilling  may  also  be  done  very  readily  on  certain 
classes  of  work.  When  much  drilling  is  to  be  done,  a  tail- 
stock  with  a  lever  attachment  for  feeding  the  spindle  is  more 
convenient  than  the  screw  attachment.    One  of  the  principal 


uses  for  which  the  speed  lathe  is  adapted  is  the  polishing  of 
cylindrical  work.  The  various  parts  of  a  machine  are  polished 
to  add  to  the  attractiveness  and  to  make  the  parts  easier  to 
handle  and  keep  dean. 

83.     Special  Centers. — When  the  hand  lathe  is  used  for 
drilling  or  reaming  center  holes,  the  drill  is  held  in  a  chuck  and 
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the  work  is  fed  against  the  drill  by  the  tailstock  spindle.  If 
holes  are  to  be  drilled  in  thin  flat  pieces,  a  pad  center,  Fig.  65,  can 
be  used  in  place  of  the  cone  center.  If  holes  are  to  be  drilled 
diametrically  through  rods  or  tubes,  a  forked  center.  Fig,  56, 
aids  in  holding  the  work  central. 

84.  Hand  Slide  Rest. — A  hand  slide  rest  that  is  often 
used  on  the  hand  lathe  is  shown  in  Fig.  57.  The  ordinary  hand 
rest  is  removed  and  this  one  is  clamped  in  its  place.  A  small 
tool  can  be  held  in  the  tool  post,  and  for  light  work  it  is  very 
convenient. 

85.  Speed-Lathe  Countershaft. — Machines  like  the 
speed  lathe  req»iiring,but  one  direction  of  rotation  of  the  spindle 
are  driven  by  the  tight-and-loose-pulley  countershaft  as  shown 


under  the  lathe  in  Fig.  52,  This  consists  of  a  shaft  carried  in 
two  hangers.  On  the  shaft  is  a  cone  pulley  corresponding  with 
the  cone  pulley  on  the  machine  and  giving  the  required  chaises 
of  speed.  The  countershaft  is  driven  by  a  belt  from  the  main 
shaft  to  one  of  the  two  equal  pulleys  on  the  countershaft.  One 
pulley  is  secured  by  one  or  more  setscrews,  and  the  other  is  a 
loose  runnmg  fit  on  the  shaft.  The  belt  is  shifted  from  the 
tight  to  the  loose  pulley  by  the  shifter  and  the  belt  guides. 
The  shifter  is  carried  in  arms  on  the  hangers. 

86,  Double-Clutch  Coimtershaft. — Machines  that 
must  be  run  in  both  directions  and  that  must  be  reversed  more 
quickly  than  can  be  done  with  the  two  loose  pulleys  and  one 
tight  pulley  arc  oijeratcd  by  a  clutch  countershaft,  one  form  of 
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which  is  shown  in  Fig.  58.  The  double-clutch  countershaft  a  is 
held  in  two  boxes  b  that  are  supported  by  the  hooked  lower  parts 
of  the  hangers  c.  The  cone  pulley  d  is  located  at  one  end  of  the 
shaft,  where  it  is  held  and  locked  by  a  split  collar  e  at  each  end. 
The  collars  are  of  steel  bored  to  fit  the  shaft  and  have  lugs  / 
on  one  side  split  for  adjustment.  They  are  damped  to  the 
shaft  by  clamp  screws.  A  projection  on  the  side  of  each 
collar  enters  a  hole  drilled  in  the  end  of  the  hub  and  so  locates 
and  drives  the  cone.  Some  cone  pulleys  are  held  by  setscrcws. 
The  two  clutch  pulleys  g  run  on  bushings  h  secured  to  the  sSiaft  a 
and  are  kept  in  place  by  the  collars  i.  The  inner  ends  of  the 
hubs  of  the  loose  pulleys  g  arc  turned  and  carry  the  cones  j. 
which  are  beveled  at  their  outer  edges  to  fit  corresponding  bevels 
on  the  pulleys.  When  the  lathe  is  idle,  these  cones  are  out  of 
contact  with  the  pulleys  g  and  the  latter  turn  freely  on  their 
sleeves.  The  cones  are  held  away  from  the  piUleys  by  the 
pressure  of  the  coUed  springs  k.  Between  the  pulleys  and  free  to 
slide  along  the  shaft  is  a  spool  /  that  may  be  moved  by  the 
arm  m  attached  to  the  shifting  rod  n.  The  sleeve  h  on  which 
each  pulley  turns  carries  at  its  inner  end  two  fingers  o.  When 
the  spool  is  moved  to  the  position  shown,  it  spreads  these 
fingers,  which  are  pivoted  on  pins  p,  and  the  short  outer  ends  of 
the  fingers  are  thus  pressed  against  the  ring  q  that  is  part  of  the 
coae  /.  This  pressure  forces  the  cone  into  the  pulley  g  and  the 
two  turn  as  one  piece.  Thus  the  motion  of  the  puDey  is  com- 
municated through  the  cone  to  the  sleeve  and  to  the  shaft  o, 
and  thence  through  the  cone  d  to  the  lathe.  The  pulleys  g  turn 
in  opposite  directions,  so  that  by  moving  the  spool  to  the  other 
pulley  the  direction  of  motion  is  reversed.  The  two  pulleys 
and  their  cone  clutches  are  alike. 


PIPE-CUTTING    HACHINB 

87.  Construction. — A  form  of  machine  for  cutting  and 
threadii^  pipes  is  shown  in  Fig.  59.  The  bed  a  is  similar  to  a 
lathe  bed  and  carries  a  headstock  b  that  may  be  either  cast  with 
the  bed  or  bolted  to  it.  The  headstock  carries  a  large  hollow 
spindle  c  fitted  with  three-jaw  independent  chucks  d  and  e  at 
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the  ends.  The  chuck  d  drives  and  centers  the  work,  and  the 
chuck  e  supports  and  centers  it.  The  hole  through  the  spindle 
determines  the  largest  size  of  pipe  that  can  be  cut  on  any  given 
machine.  The  driving  belt  of  the  machine  runs  on  the  pulley/ 
and  the  required  changes  of  speed  are  obt^ned  by  the  use  of  the 
gear-box  g.  The  two  pinions  h  and  i  are  driven  by  a  shaft  in  the 
gear-box,  and  either  may  be  made  to  turn  with  the  shaft  by  the 
use  of  the  dutch  /.  The  pinions  k  and  t  mesh  with  the  gears  k 
and  I  on  the  shaft  m,  and  a  pinion  on  the  end  c£  this  shaft 
drives  the  internal  gear  n  on  the  chuck  d.    The  gear-box  con- 


tains a  cone  having  five  gears,  and  these  run  in  cril,  to  avoid 
wear  as  much  as  possible.  The  two  gears  k  and  k  are  not  of  the 
same  sizes  as  the  gears  i  and  I,  so  that  five  different  speeds  are 
obtained  when  each  pair  is  used,  or  ten  speed  changes  in  all. 
The  changes  are  made  by  shifting  a  sliding  pinion  in  the  gear-box 
by  the  levers  o  and  p. 

88.  The  die  head  q,  Fig.  59.  is  supported  by  a  carriage  r  that 
may  be  moved  lengthwise  along  the  bed  by  racks  and  pinions 
operated  by  the  capstan  wheel  s.  The  die  head  is  carried  by  a 
cross-slide  and  when  in  use  is  free  to  center  itself  on  the  pipe 
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in  line  with  the  axis  of  the  spindle.    When  not  in  use,  it  may  be 
moved  back  to  the  rear  end  of  the  cross-slide.    It  is  moved 
back  in  this  way  when  the  pipe  is  to  be  cut  off.     The  cutting-ofi 
operation  is  performed  by  a  tool  held  in  the  cross-slide  oper- 
ated by  the  handle  (.     During  this  operation  the  pipe  is  steadied 
in  a  slide  having  adjustable  jaws  operated  by  the  hand  wheel  u. 
The  die  head  and  the  die  with  the  cover  swung  back  are  shown  in 
Fig.  60.     The  chasers  a  are  shown  in  position  in  radial  slots  in 
the  body  of  the  die.     At  its  outer  end,  each  'chaser  has  a  lug  or 
tongue  that  fits  in  a  corresponding  groove  in  one  of  the  cams  b. 
These  cams  are  of  hardened  steel  and  are  held  firmly  in  place 
against  the  ring  c  by  small  wedges  or  keys  d  that  are  fastened 
to  the  ring  by  screws.     One  of  these  wedges  and  a  screw  are 
shown  in  Fig.  61  (a),  and 
a  chaser  and  a  cam  are 
shown  in  (6)  and  (c),  re- 
spectively.  Thetoi^ea 
on  the  chaser  fits  Aokti 
in   the   groove  b  in  the 
cam,  and  the  end  c  of  the 
chaser  bears  against  the 
face  d  of  the  cam. 

89.    The  dies  may  be 
moved  in  or  out,  to  ad- 
just them  to  the  azeof 
the  pipe,  by  the  use  of 
the  lever  e,  Fig.  60.      This  lever  is  pivoted  at  /  and  at  its 
middle  is  attached  by  a  swingir^  joint  g  to  a  screw  k.    The 
screw  is  attached  by  a  siinilar  joint  i  to  a  bracket  ;  bolted 
to  the  ring  c.    When  the  lever  e  is  raised,  the  joint  g  is  lifted 
and  the  screw  in  rising  pulls  on  the  bracket  ;  and  turns  the 
ring  c  in  the  direction  of  the  arrow,  carrying  the  cams  h  in 
the  same  direction.     As  the  tongue  on  each  chaser  a  fits  in  an 
inclined  groove  in  a  cam,  the  movement  of  the  cams  in  the 
direction  indicated  draws  the  chasers  back,  away  from  the 
center.     When  the  lever  e  is  forced  down  as  far  as  it  will  go,  as 
shown  in  the  illustration,  the  ring  is  turned  in  the  opposite 
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direction  and  the  chasers  are  pushed  in.  By  turning  the  head  k 
of  the  screw  h,  the  length  of  the  screw  between  the  joints  g 
and  i  may  be  altered,  and  the  depth  to  which  the  chasers  will 
cutis  thus  changed.  The  chasers  ^e  changed  by  swinging 
back  the  plate  /,  as  shown,  and  removing  them  from  their 
slots;  or  they  can  be  removed  through  the  center  of  the  die 
head,  without  swinging  back  the  cover.  The  slots  are  then 
cleaned  and  a  new  set  of  chasers  are  inserted.  The  number 
stamped  on  the  side  of  each  chaser  must  correspond  with  the 
number  on  the  die  body,  beside  the  slot. 

90.  Threading  Pipe. — Before  being  threaded,  the  pipe 
is  cut  to  the  specified  length,  using  floor  supports,  if  necessary, 
when  the  pipe  extends  some  distance  beyond  the  machine.  The 
proper  speed  for  the  size  of  pipe  and  its  material  is  given  on  a 
speed  plate  fixed  on  the  front  of  the  gear-box,  and  this  plate 
also  shows  the  gear  and  clutch  to  be  used  to  obtain  the  desired 
speed.  When  the  levers  have  been  set,  the  machine  is  started, 
the  die  head  is  brought  up  to  the  pipe,  and  a  liberal  stream  of 
oil  is  turned  on  the  work  and  the  die.  The  die  head  is  now  fed 
over  the  woric  by  turning  the  capstan  wheel.  As  soon  as  the 
die  takes  hold  it  begins  to  feed  itself  along  the  pipe.  When 
it  has  cut  to  the  correct  length,  usually  so  that  the  end  of  the 
pipe  just  comes  through  the  chasers,  the  chasers  are  released 
and  drawn  back  by  raising  the  lever  e,  Fig.  60,  and  further 
cutting  is  stopped.  The  chasers  should  be  set  to  cut  to  the 
proper  depth  by  using  standard  blank  gauges,  so  as  to  secure 
uniformity  of  threads  for  various  sizes  of  fittings.  On  the  rear 
chuck  e.  Fig.  59,  are  flange  grips  v  for  making  up  flanges.     The 

'  flai^e  is  gripped  in  the  chuck,  the  machine  is  reversed  and  the 
flange  is  screwed  on  the  pipe,  which  is  held  on  suitable  supports. 

91.  Cutting  Off  Pipe. — A  back  view  rf  the  carriage  and 
slide  that  support  the  die  head  is  shown  in  Fig.  62.  The  die 
head  a  is  moved  out  along  the  slide  b  to  take  it  out  of  the  way 
so  as  to  allow  the  cutting-off  tool  c  to  be  used.  During  the 
cutting-off  operation  the  pipe  is  gripped  and  turned  by  the 
chuck  d,  one  jaw  of  which  is  shown  at  e.  It  is  steadied  by  the 
two  V-shaped  jaws/,  which  are  held  in  slides  and  may  be  moved 
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together  or  apart  by  turning  the  hand  wheel  g  on  the  end  of 
the  right-and-left-hand  screw  k.  The  cutting-ofi  tool  c  is  fed 
forwards  against  the  pipe  by  turning  the  hand  wheel  t,  and  oil 
is  supplied  through  the  pipe  /  by  opening  the  cock  k.  After  the 
pipe  is  cut  off  to  the  proper  length,  the  die  head  a  is  moved  back 
in  position  and  the  pipe  is  threaded,  as  already  explained.  A 
burr  is  left  on  the  inside  of  the  pipe  after  the  cutting-off  opera- 


tion, and  this  may  be  removed  by  the  reaming  tool  /,  which  is 
held  in  a  short  swinging  bracket.  When  not  in  use,  this  tool 
is  swung  out  of  the  way  to  the  position  shown,  but  when  used 
to  remove  the  burr,  it  is  swung  in  toward  the  pipe,  where  it 
locks  itself  in  position  for  its  work.  In  the  illustration,  the 
chasers  are  open,  as  the  handle  m  controlling  the  cam  ring  is 
raised. 
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BORING  MILLS  AND  THEIR  OPERATION 


CLASSES  OF  BORINO  MACHINES 

1.    Boring  mills  have  been  developed  from  the  lathe  and, 

in  principle,  are  very  similar  to  it.  There  are  two 'types  of 
boring  mills,  the  vertical  and  the  horizontal.  Although  these 
machines  are  known  as  boring  mills,  both  are  used  for  other 
operations. 

The  vertical  boring  mill  may  be  thought  of  as  a  face- 
plate lathe  so  constructed  that  the  spindle  is  vertical  and  the 
work,  which  is  clamped  to  a  table,  revolves.  The  machine  is 
adapted  to  turning  as  well  as  boring,  and  is  often  called  a 
.  boring  and  turning  mill. 

The  horizontal  boring  mill  may  be  thought  of  as  a  lathe 
in  which  the  work  is  clamped  to  the  bed,  and  the  cutting  tool 
revolves,  the  tool  being  carried  by  a  boring  bar  fitted  to  the 
spindle  of  the  machine.  Ehilling  and  milling  operations  as 
well  as  boring  may  be  performed  on  this  machine,  for  which 
reason  it  is  sometimes  called  the  horizontal  boring,  drilling, 
and  milling  machine.  Horizontal  boring  mills  may  be  sub- 
divided into  the  simple  type  of  horizontal  boring  machine  most 
commonly  found  in  machine  shops;  the  horizontal  floor  mill, 
used  generally  where  large  work  is  done;  and  special  boring 
mills  for  cylinder  boring  and  for  boring  spherical  bearings. 
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ViStnCAL  BORXNO-HILL  WORK 

2.    lATge  Vertical  Boring  Mill. — In  Fig.  1  is  shown  the 
type  of  vertical  boring  mill  most  used  for  medium  and  large 


work.     The  work  is  clamped  on  a  rotating  table  a  containing 
slots  for  T-hcad  bolts,  and  the  cutting  tools  are  carried  in  the 
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lower  ends  of  the  boring  bars  b.  The  boring  bars  are  carried 
in  saddles,  which  travel  on  the  cross-rail  c.  The  tools  are 
raised  and  lowered  by  means  of  the  hand  wheels  d,  or  by  power 
through  the  feed-rods  e.  These  rods  are  geared  to  the  boring 
bars,  and  connect  by  means  of  gearing  at  /  and  a  friction  wheel 
and  disk  at  g,  through  the  bed  of  the  machine,  to  the  driving 
cone  ft.  The  driving  cone  is  driven  by  belt  from  an  overhead 
countershaft.  The  tools  are  fed  horizontally  by  means  of  the 
feed-screws  »,  which  traverse  the  saddles  on  the  cross-rail.  The 
screws  may  be  operated  by  hand  by  means  of  the  handles  /, 
or  by  power  through  the  gearing  at  /  and  the  friction  wheel 
and  disk  at  g.  The  cross-rail  is  raised  and  lowered  by  power 
through  the  pulley  and  gearing  at  k.  This  pulley  is  driven  by 
belt  from  a  separate  countershaft.  Instead  of  driving  by  belt, 
machines'  of  this  type  are  often  driven  by  motors,  one  motor 
being  used  to  operate  the  table,  including  the  feeds,  and  another 
to  operate  the  cross-rail. 

3.  The  control  of  the  feed  is  effected  by  the  friction  wheel 
and  disk  at  g.  The  wheel  can  be  raised  and  lowered  by  turn- 
ing the  hand  wheel  /;  the  position  of  the  disk  does  not  change. 
As  the  wheel  approaches  the  outer  edge  of  the  disk  it  makes  a 
greater  number  of  revolutions  at  each  revolution  of  the  disk 
than  it  makes  when  near  the  center.  When  the  friction  wheel 
is  carried  below  the  center  of  the  disk  and  moved  towards  the 
outer  edge,  the  same  range  of  speeds  is  maintained  but  the 
direction  of  motion  is  reversed.  A  great  variety  of  both  ver- 
tical and  horizontal  feeds  in  either  direction  is  thus  obtained, 
while  clutches  and  reversing  meohanisms  in  the  saddles  place 
the  tool  imder  the  operator's  control.  Counterweights  are 
provided  in  order  that  the  various  parts  may  be  operated 
easily.  Instead  of  the  friction  feed  used  on  this  machine,  many 
boring  mills  are  equipped  with  the  gear-box  feed  described 
elsewhere. 

4.  The  arrangement  of  the  feeds  is  such  that  one  tool  may 
be  turning  the  outside  of  a-  piece  while  the  other  is  boring,  or 
both  may  be  either  boring  or  turning  on  the  same  or  different 
diameters,  or  one  tool  may  be  facing  the  top  while  the  other 
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may  be  either  boring  or  turning.  Conical  turning  or  boring 
may  be  done  by  setting  the  head  at  an  angle,  as  shown  at  the 
right  hand  in  Fig.  1.  When  working  on  different  diameters, 
the  tool  on  the  smaller  diameter  has  a  slower  cutting  speed 
than  that  cutting  on  the  larger,  and  the  speed  must  be  adjusted 
for  the  larger  diameter.  These  operations  are  virtually  the 
same  as  those  carried  on  in  the  lathe,  and  the  tools  used  for 
these  operations  in  the  two  machines  are  identical. 

5.  The  table  is  rotated  by  means  of  an  internal  gear  on 
its  lower  side,  and  a  pinion  that  is  connected  through  a  pair 
of  bevel  gears  to  the  driving  cone  h.  A  back  gear  like  that  on 
a  lathe  is  provided,  which,  with  the  different  steps  on  the  cone, 
furnishes  a  wide  range  of  speeds. 

The  table  is  supported  in  the  center  on  a  long  vertical  spindle 
running  in  a  bearing  near  the  top  and  another  bearing  at  the 
bottom,  while  a  step  bearing  at  the  lower  end  takes  the  thrust. 
The  rim  of  the  table  runs  in  a  groove  in  the  bed,  which  is  flooded 
with  oil,  and,  when  running  slowly  on  heavy  work,  the  greater 
part  of  the  weight  is  taken  on  this  rim. 

Provision  is  made  for  raising  and  lowering  the  table  when 
running  at  high  speeds  on  light  work,  so  that  the  entire  load 
is  taken  by  the  spindle.  A  screw  m  connects  with  a  wedge 
under  the  thrust  bearing  by  means  of  a  nut  and  lever,  and, 
by  turning  the  screw  in  one  direction,  the  wedge  is  forced 
in,  while  rotation  in  the  opposite  direction  withdraws  it. 

6.  Extension  Boring  Mill. — In  shops  where  there  is 
occasionally  a  piece  of  large  diameter  to  be  turned,  but  where 
there  is  not  enough  very  large  work  to  warrant  the  purchase 
of  a  large  boring  mill,  an  extension  boring  mill  may  be  used 
to  advantage.  On  an  extension  mill,  the  bed  o.  Fig.  1,  is  made 
with  an  extension  at  the  back  and  with  ways  on  top,  on  which 
the  housings  n  rest,  and  on  which  they  may  be  moved  back, 
so  as  to  accommodate  a  larger  piece  on  the  table.  The  cross- 
rail  is,  of  course,  carried  back  with  the  housings,  and,  to  do 
boring,  it  is  necessary  to  use  a  vertical  boring  bar  supported 
in  an  extension  arm  attached  to  the  cross-rail  or  to  place  one 
of  the  heads  taken  from  the  cross-rail  on  the  extension  arm. 
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■vMch  is  not  shown  in  the  illustration.  Holes  may  be  bored 
by  feeding  the  boring  bar,  which  does  not  revolve,  vertically; 
and  the  work  may  be  turned  and  faced  by  feeding  the  head 
along  the  extension  arm.  When  convenient,  the  boring  bar 
may  rest  in  the  center  of  the  table.  This  extension  provision 
in  a  mill  designed  for  the  average  work  of  a  shop  wiU  enable 
larger  pieces  to  be  machined  at  a  ctanparatively  small  increase 
of  cost  for  machine  tools. 

7.  Attaclunents  for  Vertical  Boring:  Mills. — ^A  rail 

head  carrying  a  tool  bar  is  often  placed  on  one  of  the  uprights 
of  the  machine.  This  head  is  conveniently  located  to  under- 
cut the  outer  surface  and  to  turn  the  lower  side  of  large  work. 
A  rear  column,  carrying  a  tool  head  and  bar,  is  sometimes 
attached  to  the  back  part  of  the  bed.  The  rear  column,  like 
the  rail  head,  is  used  to  turn  outer  surfaces  and  to  turn  the 
lower  side  (rf  large  work.  It  may  be  used  singly,  but  is  generally 
used  at  the  same  time  as  the  tool  heads  on  the  cross-rail.  The 
rear  column,  rail  head,  and  cross-rail  heads  may  all  be  used  at 
the  same  time. 

8.  Small  Vertical  Boring  Mill. — ^A  small  vertical  boring 
and  turning  mill  is  shown  in  Fig.  2.  In  principle,  this  machine 
is  identical  with  the  large  machine  previously  described.  It 
has,  however,  a  turret  head,  a  feed-gear  box,  and  a  fine  feed 
adjustment,  which  devices  are  seldom  found  on  the  larger 
machines. 

In  the  illustration,  the  feed-gear  boxes  a,  by  which  the  cross- 
feed  screw  and  the  feed-rod  located  in  the  cross-rail  are  driven, 
are  shown  on  each  side  of  the  machine.  By  their  use,  any 
required  feed  may  be  obtained,  the  operation  being  similar  to 
that  of  the  feed-gear  boxes  used  on  lathes.  The  gears  enclosed 
in  them  drive  the  feed-rods  positively.  They  take  the  place  c£ 
the  wheel-and-disk  friction  drive  shown  in  connection  with  the 
larger  machine. 

The  machine  has  a  swiveling  head  b,  and  a  head  c  consistii^ 
(rf  a  five-sided  turret  in  which  boring  and  chucking  tools  are 
held. 
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9*  The  slots  in  the  table  d  are  so  arranged  that  chuck  jaws 
or  jigs  may  be  secured  to  the  table.  The  work  is  then  held  in 
the  chuck  thus  formed  or  in  the  jig  'ci^hen  machining.  A  large 
variety  of  work  that  can  be  done  on  a  lathe  can  be  more  con- 
veniently done  on  a  machine  of  this  type.  The  mill  is  also 
much  more  rigid  than  the  lathe. 

To  facilitate  the  fine  feed  adjustment,  capstan  collars. 


which  are  splined  collars  having  holes  in  which  a,  pin  may  be 
inserted  to  turn  them,  are  used.  When  operating  a  machine 
equipped  with  capstan  collars,  the  tools  are  moved  approxi- 
mately to  their  working  positions  in  the  usual  way.  To  make 
the  fine  feed  adjustment,  the  capstan  collars  e,  which  are  free 
to  slide  on  the  feed-rod  and  screw  and  which  are  prevented  from 
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turning  by  keys,  are  moved  dose  to  the  tool  heads.  A  short 
pin  is  inserted  in  one  of  the  holes  /  of  the  collar  and  the  rod  or 
screw  is  turned  the  required  amoimt.  The  advantage  of  the 
capstan  collars  is  that  they  are  more  conveniently  located  to 
theopCTator  than  are  the  crank  handles. 

10.  Setting  Up  Work  on  Vertical  Boring  Mill.— The 
horizontal  table  of  the  vertical  boring  mill  makes  the  setting 
of  work  easier  than  in  the  lathe,  as  the  piece  can  be  placed 
loosely  on  the  table  and  need  not  be  Secured  while  the  settings 
and  adjustments  are  being  made.  Small  work  is  often  held 
in  a  chuck  similar  to  a  lathe  chuck,  and  large  work  is  generally 
blocked  up  on  parallel  pieces  and  held  by  clamps,  angle  plates, 
and  drivers,  which  are  devices  that  prevent  the  work  from  turn- 
ing on  the  table.  Owing  to  the  stiffness  of  the  table,  heavier 
cuts  can  usually  be  taken  on  the  boring  mill  and  more  tools 
used  at  once  than  in  a  similar  lathe  operation. 

The  three  following  requirements  may  be  taken  as  a  guide 
when  setting  work.  The  piece  must  be  set  with  the  circum- 
ference to  be  finished  exactly  concentric  with  the  center  c£ 
rotation.  In  other  words,  it  must  be  set  so  that  it  runs  true 
enough  to  tirni  to  size.  The  work  must  be  set  so  that  the  cen- 
ter line,  or  axis,  will  be  perpendicular  to  the  top  of  the  table. 
If  the  lower  surface  is  irregular,  the  work  must  be  blocked  up 
to  prevent  springing  and  to  bring  the  work  level.  The  work 
must  then  be  gripped  with  jaws,  or  clamped,  as  on  the  planer, 
with  drivers  to  take  the  twisting  strain  due  to  the  pressure  of 
the  cut.  The  drivers  may  be  angle  irons  or  plates  or  other 
braces  to  prevent  the  work  from  turning  on  the  table  while  the 
cuts  are  taken. 

11.  Examples  of  Vertical  Borlng-Mlll  Work. — A  plain 
piece  of  work  such  as  an  engine  crank-disk.  Fig.  3,  for  example, 
is  held  in  the  chuck  jaws  of  the  boring  mill  with  the  face  a 
nearest  the  table,  precisely  as  a  piece  of  similar  form  would  be 
hdd  in  a  lathe  face-plate  chuck.  The  center  b  of  the  crank  is 
then  bored,  the  top  c  faced,  and  as  much  of  the  outside  turned 
as  the  jaws  will  permit.  The  piece  is  next  turned  over,  gripiwd 
in  the  jaws,  and  adjusted  so  that  the  turned  and  bored  parts 
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will  run  true.    The  face  a  and  the  unfinished  part  of  the  out- 
side are  now  machined. 

The  center  of  the  crankpin  hole  d  is  next  accurately  located 
at  the  correct  distance  from  the  crank  center  and  a  circle  the 
size  of  the  hole  is  drawn  around  it.  The  crank-disk  is  then  set 
flat  on  the  table  enough  out  of  center  to  bring  the  pin  hole  cen- 
tral. A  pointer  held  in  the  tool  holder  is  brought  over  the  cir-, 
cle  and  the  crank-disk  adjusted  until  the  circle  follows  the 
pointer.  The  disk  is  then  securely  clamped  and  enough  weight 
added  to  the  table  to  balance  the  crank  and  make  the  table  run 
smoothly.  The  table  is  then 
speeded  up  and  the  small 
hole  is  bored  to  size. 

12.  Pig.  4  illustrates  how 
an  irregular  piece  may  be 
secured  on  the  table.  Before 
setting  a  large  piece,  the  table 
must  be  carefully  cleaned  and 
lowered  so  that  the  weight  is 
taken  on  the  outer  rim  of  the 
bed  as  well  as  by  the  step 
bearing.  When  this  is  neg- 
lected, there  is  danger  of 
injuring  the  step  bearing  and 
also  of  springing  the  table. 
The  piece  is  then  placed  on 
"  the  table,  set  approximately 

central,  and  leveled  up  by 
blocking  at  regular  intervals.  In  Fig.  4,  screw  jacks  a  are  used 
in  leveling  up.  When  the  piece  is  approximately  level,  a  small 
stick  held  lightly  in  the  tool  holder  is  brought  very  near  the 
circumference  or  surface  to  be  turned,  and  the  table  is  rotated 
slowly.  Careful  observation  of  the  distance  between  the  part 
and  the  stick  will  show  in  which  direction  it  must  be  moved 
to  bring  it  perfectly  central.  The  distance  from  the  stick  to 
the  upper  surface  should  be  observed  and  the  work  adjusted 
until  it  sets  level  on  the  table.    Several  trials  and  adjustments 
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are  usually  necessary  before  the  work  is  correctly  set  so  that 
all  points  pass  at  the  same  distance  from  the  stick.  The 
jaws  b,  which  are  supported  on  extension  arms  c,  which  in 
turn  are  bolted  to  the  table  d,  are  used  for  centering  and 
clamping.  The  jaws  are  equipped  with  adjusting  screws  e 
to  control  the  grip  /. 

13,  When  all  adjustments  have  been  made,  two  drivers, 
one  on  each  side  of  the  work,  are  set  against  any  available 
projections.     In  the  illustration,  the  drivers  are  the  angles  g. 


They  are  set  against  the  lugs  k  and  clamped  on  the  table, 
as  shown.  When  the  piece  has  been  properly  secured,  it  is 
well  to  test  the  setting  again,  and  to  look  over  all  bolts,  to 
be  sure  that  every  part  is  fastened  securely,  after  which  the 
machine  may  be  started,  the  speed  properly  adjusted,  and 
the  tools  fed  as  required.  The  shape  of  the  tools,  and  the 
cutting  speeds  and  feeds  are  the  same  as  in  a  similar  operation 
in  a  lathe. 

The  piece  shown  is  held  by  three  vertical  jacks  a,  three 
jaws  b,  and  two  drivers  g.    On  pieces  where  a  flange  or  any 
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other  surface  upon  which  a  damp  may  secure  a  hold  is  avail- 
able, damps  are  used  in  preference  to  the  jaws,  drivers  being 
applied  to  prevent  any  sliding  on  the  table.    In  some  cases. 


the  w^ht  of  the  part,  together  with  the  clamps,  furnishes  grip 
enough  on  the  surface  of  the  table  to  prevent  any  slipping, 
but  this  grip  is  very  uncertain,  and  it  is  better  not  to  depend 
on  it  entirdy. 
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14.  Extension  Arms  for  Vertical  Borlng-HIll  Table. 

A  boring  mill  is  required  at  times  to  turn  work  that  is  larger 
in  diameter  than  the  boring-mill  table.  When  this  is  the 
case,  extension  etrms  like  those  shown  at  c,  Fig.  4  may  be  used. 
There  are,  however,  cases  where  the  extension  arms  must 
project  so  far  beyond  the  edge  of  the  table,  and  where  the 
weight  is  concentrated  so  near  the  end,  that  additional  sup- 
port is  needed  to  prevent  objectionable  springing.  Fig.  5 
suggests  a  means  of  providing  such  support  when  the  center 
of  the  piece  is  open,  as  in  the  case  shown.  The  table  a  of 
the  boring  mill  is  of  the  ordinary  type,  with  radial  slots. 
The  extension  arms  6  are  bolted  to  the  table  in  the  ordinary 
way.  At  the  center  of  the  table  a  pillar  c,  with  a  Sanged 
foot  that  is  bolted  to  the  table,  furnishes  the  upper  support 
for  diagonal  tie-rods  d  whose  lower  ends  are  bolted  to  the 
arms,  thus  forming  an  additional  support.  Tumbuckles  e 
in  the  tie-rods  permit  the  arms  to  be  adjusted  approximately 
level,  after  which  a  light  surface  cut  may  be  taken  to  true 
them  up  perfectly.  The  work  /  is  then  fastened  in  any  ctm- 
venient  way  that  its  shape  will  permit,  and  turned  to  size. 
This  is  a  comparatively  inexpen^ve  and  efficient  shop 
expedient,  which,  however,  may  or  may  not  be  a  means  of 
economy,  depending  on  the  number  of  pieces  for  which  it 
can  be  used  and  the  cost  of  having  the  work  done  in  a  shop 
equipped  for  it.  Shop  expedients  are  frequently  resorted  to 
when  the  work  could  have  been  done  outside  more  cheaply. 
Great  caution  should  be  exercised  in  their  construction  in 
order  that  true  economy  may  be  practiced. 

1 5.  Fl  xture  for  Turning  Spherical  Surface. — ^A 
fixture  for  turning  a  spherical  surface  on  a  vertical  btoing 
mill  is  shown  in  Fig.  6.  The  machine  has  two  saddles.  One 
saddle  a  has  bolted  to  it  a  bracket  c,  which  carries  a  pin  d, 
aroimd  which  swings  the  link  e.  The  saddle  a  is  clamped  to 
the  cross-rail  so  that  the  point  d  lies  in  a  vertical  line  forming 
the  axis  of  rotation  of  the  table.  The  other  saddle  b  is  detached 
from  the  cross-feed  screw  in  the  cross-rail,  and  is  free  to  move 
crosswise.     A  bracket  /,  having  a  roller  on  each  end  that  bears 


;dbv  Google 


12  BORING-MILL  WORK  §  21 

on  the  cross-rail,  is  attached  to  the  saddle  so  as  to  carry  its 
weight,  thus  reducing  the' friction  and  providing  a  free  motion 

along  the  rail.  The  boring  bar  g  has  an  arm  k  attached  near 
its  upper  end,  which  carries  the  fulcrum  i  of  the  link  e.  The 
link  e  continues  to  a  point  /,  where  a  vertical  link  k  is  lunged. 
At  the  lower  end,  the  vertical  link  k  is  hinged  to  the  lever  /  at  m. 


The  lever  /  is  pivoted  at  n  on  an  arm  o  attached  to  the  bottom 
of  the  boring  bar  and  at  its  end  carries  the  cutting  tool  p. 

16.  The  piece  ^  to  be  turned  is  fastened  centrally  on  the 
table  r  of  the  boring  mill.  When  the  links  are  properly  pro- 
portioned the  tool  will  travel  in  an  arc  of  a  drcle,  and,  when 
the  table  is  rotated  and  the  boring  bar  is  fed  vertically,  will 
turn  in  a  true  sphere.     In  order  to  accomplish  this,  the  length 
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of  the  link  k  and  the  vertical  distance  between  the  pivots  i 
and  «  must  both  be  equal  to  the  vertical  distance  between 
the  center  of  the  sphere  to  be  turned  and  the  pivot  d;  the 
distance  di  must  be  equal  to  the  distance  from  the  center 
of  the  sphere  to  the  pivot  n,  that  is,  the  sum  of  the  radius 
of  the  sphere  and  the  distance  of  the  tool  point  from  its  pivot  n, 
and  the  distance  i  j  must  be  equal  to  the  distance  n  m. 

17.  As  the  boring  bar  g  is  fed  up,  the  saddle  b  will  be  drawn 
by  the  lever  e  toward  the  center  of  the  sphere,  when  turning 
the  upper  half  of  it.  The  pin  i  then  swings  about  its  center  d, 
and  the  pin  «  travels  in  an  arc  of  the  same  radius  about  the 
center  of  the  sphere.  When  in  the  coiuse  of  the  turning  the 
pin  «  comes  as  near  the  table  as  the  center  of  the  sphere  and 
the  boring  bar  is  fed  downwards,  the  saddle  b  will  ^ain  travel 
toward  the  center  of  rotation. 

If  the  distance  di  is  made  equal  to  the  sum  of  the  required 
radius  of  the  sphere  and  the  distance  from  the  tool  point  to 
the  pivot  «,  the  tool  will  form  a  perfect  sphere  of  the  required 
radius.  The  center  line  of  the  link  n  m  will  always  point 
to  the  center  of  the  sphere.  In  this  work,  a  narrow,  round- 
nosed  tool  is  used  with  a  comparatively  light  feed,  so  as  to 
insure  a  smooth  surface. 


HORIZONTAL  BORINO-UIIiL  WORK 

18>  Operations  on  Horizontal  Boring  Ulll. — Hori- 
zontal drilling  operations  are  so  closely  associated  with  hori- 
zontal boring  that  they  will  be  considered  together.  Nearly 
all  horizontal  boring  machines  are  designed  for  drilling,  boring, 
and  milling,  the  spindle  being  designed  for  any  of  these  oper- 
ations. As  all  holes  to  be  bored  must  be  previously  drilled 
or  cored,  to  form  an  opening  through  which  the  boring  bar 
passes,  an  arrangement  permitting  the  drilling  and  boring 
at  one  setting  of  the  work  is  economical. 

19.  Small  holes,  up  to  about  2  inches  in  diameter,  are 
usually  drilled,  and  a  machine  that  will  do  both  the  drilling 
and  the  boring  with  one  setting  saves  a  large  amount  of  time. 
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Resetting,  or  moving  to  another  machine,  frequently  takffi 
more  time  and  requires  ,a  lai^er  niamber  of  men  than  the 
drilling  or  boring,  and  in  the  meantime  the  machine  is  standing 
idle  and  the  additional  service  of  a  power  crane  is  often  neces- 
sary. For  the  same  reason  it  is  an  advantage  to  be  able  to 
perform  a  milling  operation  at  the  same  setting.  These  three 
operations  require  practically  the  same  spindle  action,  and 
can,  therefore,  be  carried  on  in  the  same  machine.  It  U 
economy  to  have  machine  tools  so  arranged  that  the  greatest 
possible  amount  of  work  may  be  done  with  one  setting.  This 
should  always  be  borne  in  mind  when  selecting  and  arrangii^ 
machines,  as  well  as  in  their  operation, 

SIMPLE    TTPB    OP    HORIZONTAL    BOBINO    HACHINB 

20.    Horizontal   Boring- Machine    Head. — One  of  the 

simplest  types  of  horizontal  boring  machines  is  illustrated 
in  Fig.  7.  The  general  arrangement  of  the  head  resembles 
very  closely  that  of  a  lathe  the  cone  pulley  and  back  gears 
being  the  same     Instead  of  the  ordinary  face  plate,  there 


is  an  attachment  on  the  end  of  the  spindle  for  supporting 
either  a  drill  or  a  boring  bar.  The  spindle  runs  through  the 
center  of  the  cone  and  is  so  splined  that,  while  it  rotates  with 
the  driving  gear,  it  may  be  fed  through  it  by  means  of  the 
screw  a.  which  is  turned  cither  by  the  hand  wheel  6  through  the 
shaft  and  gearing  shown  or  by  power  through  the  gearing  at  f- 
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21.  Boring-Bar  Support,  Table,  and  Carriage- — An 

outer  bearing  d  forms  a  support  for  the  outer  end  of  the  boring 
bar.  The  table  is  also  supported  at  the  outer  «id  and  pro- 
vision is  made  for  vertical,  side,  and  longitudinal  adjustment 
by  means  of  the  screws  e,  J,  and  g,  respectively.  The  screws  e 
control  the  up-and-down  movement  of  the  table,  and  the 
screws  /  and  g  the  crosswise  and  lengthwise  movement  of 
the  cross-table,  or  carriage,  h.  In  order  to  prevent  any 
unnecessary  spring  in  the  boring  bar,  the  yoke  containing 
the  outer  bearing  d  may  be  moved  near  the  work  and  clamped 
in  position  by  bolts  that  fit  in  the  T  slots  i  of  the  base  and  / 
of  the  main  table  of  the  machine. 

22.  Boring. — Boring  is  done  on  a  horizontal  boring 
machine  by  supporting,  independently  of  the  piece  to  be 
bored,  a  bar  that  carries  one  or  more  cutters.  The  center 
of  the  bar  thus  forms  the  center  of  the  bored  hole  independently 
of  the  center  of  the  original  hole.  When  the  center  of  the 
new  hole  does  not  correspond  with  the  center  of  the  original 
hole,  the  heavy  cut  on  one  side  will  cause  the  bar  to  spring 
and  the  hole  will  be  neither  perfectly  round  nor  straight. 
One  or  two  light  cuts  after  the  roughing  cut  has  been  taken 
usually  true  Jt  up.  When  the  cut  is  uneven  or  when  the 
hole  must  be  bored  very  accurately,  provision  should  be  made 
for  a  finishing  cut  by  using  a  roughing  cutter  set  to  bore  a 
hole  sightly  undersJze. 

23.  Single-End  Boring  Bars.-^Pour  kinds  of  boring 
bars  are  used  in  horizontal  boring  mills,  namely,  single-end 
bars,  traveling  bars,  bars  used  on  centers,  and  traveling-^tead  bars. 

The  holes  in  the  work  to  be  bored  sometimes  do  not  pass 
clear  through  the  part  to  be  bored  and  are  known  as  blind 
holes.  When  this  is  the  case  it  is,  of  course,  impossible  to 
support  the  boring  bar  on  more  than  one  end.  The  single-end 
bar  shown  in  Fig.  8  (o)  is  used  to  bore  blind  holes.  The 
shank  a  is  tapered  to  fit  the  machine  spindle  and  usually  has 
a  slot  b  through  which  a  key  may  be  driven  to  hold  the  bar 
in  the  spindle.  The  outer  end  of  the  bar  is  slotted,  and  a 
cutter  c  is  secured  in  it  by  the  setscrew  d,  which  enters  a 
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drilled  spot  on  the  cutter.  The  friction  between  the  shank 
and  socket,  the  key,  and  the  tang  act  as  drivers.  Sii^le-end 
bars  are  generally  made  very  short,  so  that  they  will  be  rigid. 
They  are  seldom  used  to  remove  more  than  a  few  inches 
of  metal. 

If  holes  must  be  bored  very  accurately,  a  set  of  cutters, 
consisting  of  one  or  two  roughing  cutters  and  a  finishing 
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cutter,  is  made.  These  are  run  throi^h  in  succession  to 
true  and  size  the  hole.  If  desired,  the  hole  may  be  bored  nearly 
to  size  and  be  finished  by  reaming.  When  cutters  are  made  in 
sets  they  are  always  marked  for  the  bar  and  slot  in  which  they 
fit  and  are  numbered  in  the  order  in  which  they  are  to  be  used. 
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24.  Traveling  Boring  Bars. — Many  of  the  horizontal 
boring  mills  depend  for  their  feed  on  a  spindle  fed  lengthwise 
through  the  head  of  the  mill,  and  the  boring  bars  used  on  them 
are  known  as  traveling  boring  bars.  The  traveling  boring  bar 
shown  in  Fig.  8  (6)  is  made  with  a  cylindrical  body  a  having  a 
number  of  slots  b  cut  at  various  points  in  its  length.  Single-end 
and  double-end  cutters  are  keyed  in  the  bar,  as  shown  at  c. 
When  single-end  cutters  are  used,  they  are  adjusted  to  take  a 
number  of  light  cuts  to  true  the  hole.  When  double-end 
cutters  are  used,  they  are  adjusted  to  cut  on  both  ends.  The 
traveling  bar  is  held  in  the  spindle  by  the  taper  shank  and 
driving  key  and  the  tang.  The  outer  end  of  the  bar  is  sup- 
ported by  a  closely  fitting  bushing  in  an  outboard  bearing. 
This  bearing  is  carried  on  an  upright  support  cff  in  a  yoke  on 
the  machine.  The  bar  is  turned  straight,  that  is,  to  the  same 
diameter  throughout,  so  that  it  can  feed  freely  through  the 
supporting  bearing,  which  is  adjiisted  to  the  same  height  as  the 
spindle  axis,  and  in  line  with  it. 

Boring  bars  are  frequently  made  with  a  slot  near  each  end 
and  one  in  the  middle.  These  bars  are  usually  made  a  little 
longer  than  twice  the  length  of  the  part  they  are  to  bore. 
When  boring  with  the  cutter  Jn  the  middle  slot,  the  tool  will 
then  just  clear  the  hole.  The  slots  near  the  ends  of  the  bar 
are  used  for  facing,  as  there  will  be  less  tendency,  to  chatter 
when  the  bars  are  supported  close  to  the  cutters. 

25.  Boring  Bars  Used  on  Centers. — When  used  on 
some  types  of  boring  mills,  the  boring  bar  is  centered  at  the 
ends,  as  shown  at  a  in  Fig.  8  (c)-  In  operation,  it  is  driven  by 
a  lathe  dog  or  a  clamp.  Single-end  cutters  held  by  a  key  are 
commonly  used  in  boring  bars.  The  double-end  cutter,  made 
to  fit  the  bar,  as  shown  at  b,  is  also  frequently  used.  The 
double-end  cutters  are  trued  in  the  bar  by  turning.  Prick-punch 
marks  c  are  then  made  on  the  boring  bar,  cutter,  and  key,  as 
shown.  When  removed  and  replaced  in  position,  the  cutter 
and  key  are  always  inserted  so  that  the  prick-punch  marks  will 
be  located  in  the  same  relative  positions.  A  flat  d  is  milled  on 
the  end  of  the  bar  to  which  the  dog,  or  damp,  is  attached. 
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When  a  boring  bar  is  much  smaller  in  diameter  than  the 
hole  to  be  bored,  a  casting,  known  as  a  cutter  head,  slightly 
smaller  than  the  hole  is  often  secured  on  the  middle  of  the 
bar.  The  tool  is  then  secured  to  the  side  of  the  cutter  head 
by  clamps  and  capscrews. 

26.  A  form  of  special  boring  bar  used  to  bore  two  holes 
of  different  diameters  but  located  in  line  is  shown  in  Fig.  8  (d). 
This  bar  is  made  to  be  used  on  centers  but  may  also  be  made 
with  a  tapered  shank.  The  bar  a  is  drilled  as  shown  to  receive 
the  cutters,  which  are  made  of  round  tool  steel  and  held  in 
place  by  setscrews  c  that  enter  holes  spotted  in  the  drill  point 
as  shown  at  d.  When  the  cutters  are  so  spotted  they  will 
not  slip  when  the  setscrews  are  tightened.  The  cutters,  when 
set,  are  turned  to  the  required  outside  diameter  and  squared 
up  on  the  cutting  side  as  shown  at  e.  Corresponding  marks 
are  then  made  on  the  cutters  and  bar,  the  cutters  are  removed. 
the  face/  is  filed  flat,  and  clearance  is  filed  on  the  faces  e  and  g. 

Boring  bars  of  this  kind  are  generally  used  when  a  number 
of  the  same  kind  of  pieces  are  to  be  bored.  The  cutters  are 
run  through  in  regular  order,  the  first,  cw  smaller,  cutters 
taking  the  roughing  and  truing  cuts;  and  the  others,  or 
larger  cutters,  taking  the  finishing  cuts,  which  prepare  the 
holes  so  that  they  may  be  finished  by  reaming.  This  type 
of  bar  could,  of  course,  be  made  with  rectangular  slots  as 
shown  in  Fig.  8  (c).  In  that  case,  the  cutters  would  be  secured 
in  place  by  keys. 

27.  Traveling-Head  Boring  Bar. — The  traveling-head 
boring  bar,  one  form  of  which  is  shown  in  Fig.  9,  is  one  in 
which  the  head  holding  the  cutting  tool  is  traversed  along 
the  boring  bar.  It  is  used  to  bore  holes  of  comparatively 
large  diameter,  and  is  moimted  on  centers  and  driven  by  a 
dog  or  a  clamp.  A  bar  of  this  type  is  also  well  adapted  to 
boring  work  secured  to  the  ways  of  a  lathe.  The  bar  a  is 
usually  made  of  cast  iron,  cored  out  so  as  to  furnish  the  greatest 
stiffness  with  the  least  weight.  The  traveling-head  bar  is 
made  just  enough  longer  than  the  length  of  the  holes  to  be 
bored  so  that  the  boring  head  b  will  clear  cither  end.     The 
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head  b  is  bored  to  fit  the  bar  and 
turned  on  the  outside  to  a  diam- 
eter somewhat  smaller  than  the 
diameter  to  be  bored.  One  or 
more  boring  tools  c  are  let  into 
the  head,  as  shown,  and  are  held 
in  place  by  the  straps  and  tap 
bolts  at  d. 

28,  The  borii^  head  is  trav- 
ersed by  means  of  a  screw  e,  in 
a  slot  in  the  side  of  the  bar,  and 
a  nut  on  the  inside  of  the  head. 
The  slot  is  made  large  enough  so 
that  the  nut  is  free  to  travel 
from  end  to  end  as  the  screw  is 
rotated.  The  head  is  rotated 
with  the  bar  by  means  of  a  key 
in  the  head  and  a  spline  that 
runs  the  entire  length  of  the 
bar.  The  screw  is  supported  at 
each  end  by  the  bearing  /  and  is 
rotated  with  reference  to  the  bar 
by  means  of  a  star  feed  that  acts 
through  the  gears  at  k.  As  the 
bar  revolves,  each  point  of  the 
star  comes  in  contact  in  turn 
with  a  pin  secured  to  a  support 
that  is  attached  to  the  machine 
in  any  convenient  way,  thus 
causing  the  rotation  of  the  star. 
The  movement  of  the  star  is 
transmitted  to  the  boring  head 
through  the  gears  and  screw  as 
shown. 

If  a  large  boring  head  is  used 
it  is  an  advantage  to  use  three 
or  four  roughing  tools  at  different 
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points  in  the  circumference  for  light  cuts.  Several  tools  bal- 
ance each  other,  and  by  their  use  the  hole  may  be  roughed  out 
quickly,  as  the  strain  on  each  tool  is  much  less  than  it  would  be 
on  a  single  tool  removing  the  same  amount  of  metal.  The 
finishing  should  be  done  with  a  single  tool,  as  the  bar  will  then 
spring  less,  and  by  taking 
a  number  of  light  cuts  with 
a  single  tool  a  true  hole 
will  be  produced. 

29.  Setting  Work 
and  Toola. — The  work, 
which  is  set  on  the  cross- 
table,  or  carriage  A,  Fig.  7, 
can  be  drilled  and  bored  in 
one  position,  then  moved  to 
another  position  and  the 
operation  repeated  without 
resetting.  The  work  is 
fastened  on  the  table  pre- 
cisely as  it  is  on  a  drilling 
machine,  and  care  is  taken 
to  have  the  center  line  of 
the  hole  in  perfect  line  with 
the  center  of  the  spindle. 

30.  Setting  by  Tram- 
ming.— The  work,  angle 
plates  or  other  fixtures  may 
be  set  square  with  the 
spindle  by  tramming.  To 
do  this,  the  work  or  fix- 

"°- '"  ture  a,  Fig.  10  (a),  is  fiist  set 

on  the  table  b  approximately  square  with  the  boring  bar  c. 
A  bent  bar,  rod,  or  wire  d  is  then  keyed  in  the  boring  bar 
so  that  its  point  e  will  project  toward  the  surface  to  be  squared. 
This  surface  and  the  tram  point  are  then  moved  toward  each 
other  until  a  feeler  such  as  a  slip  of  paper  is  held  lightly  between 
them.     The  point  of  the  tram  is  then  moved  up  and  down 
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over  the  paper  to  detenriine  the  pressure.  The  boring  bar 
is  now  turned  half  a  revolution  so  that  the  tram  is  in  the 
position  shown  by  the  dotted  lines  and  the  feeler  is  inserted 
between  the  tram  point  and  the  work.  If  the  feeler  is  not 
held  as  at  first,  the  work  is  adjusted  according  to  the  indi- 
cations and  another  test  made  on  each  side.  These  adjust- 
ments and  tests  are  continued  until  the  feeler  is  held  between 
the  tram  point  and  both  sides  of  the  surface  with  the  same 


31.  Setting  by  Unlng. — ^The  operation  of  setting  the 
work  or  the  angle  plate,  or  other  fixture,  parallel  to  the  spindle 
of  the  mill  is  known  as  lining.  An  angle  plate  may  be  set 
parallel  to  the  boring  bar  by  adjusting  the  plate  and  measuring 
from  the  bar  c.  Fig.  10  (b),  tothe  face  of  the  angle  plate  a. 
One  way  to  line  the  plate  is  to 
key  a  pointer  d  in  the  bar  and 
move  the  table  so  that  the  end 
of  the  pointer  will  just  come  in 
contact  with  face  of  the  plate 
as  the  bar  is  rotated  back  and 
forth.  The  pointer  is  then 
moved  to  the  other  end  of  the 
angle  plate,  as  indicated  by 
the  dotted  lines,  by  shifting  the 
table  b  or  by  moving  the  spin- 
dle or  bar  endwise.     The  test  ''"^*  " 

is  then  itepeatcd  and  the  angle  plate  adjusted  until  the  pointer 
touches  the  face  with  the  same  pressure  at  both  ends.  A  feeler 
is  best  for  testing  the  degree  of  contact  between  the  pointer 
and  the  angle  plate. 

32.  Setting  to  Layout. — Work  requiring  one  or  more 
holes  bored  in  it  is  laid  out  by  drawing  intersecting  lines  as 
aa  and  bb.  Fig.  11,  to  locate  the  center  of  the  hole  or 
holes.  The  centers  are  located  on  the  surface,  if  the  stock 
is  solid;  but  if  it  is  cored  the  center  is  located  on  a  triangular 
piece  of  tin  c  bent  down  at  the  comers  and  driven  into  a  strip 
of  wood  d  previously  driven  in  the  cored  opening.    The  surface 
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of  the  work  is  then  chalked  and  from  the  center  of  the  required 
hole  a  circle  e,  whose  diameter  is  equal  to  that  of  the  finished 
hole,  is  drawn  on  it. 

The  work  is  next  secured  against  an  angle  plate  or  a  parallel 
and  the  boring  bar  is  put  in  position  after  the  holes  have  been 
rough  drilled,  if  not  cored.  The  final  adjustment  is  then 
made  by  securing  a  bent  pointer  /,  Fig.  12,  in  the  boring  bar 
and  bringing  it  nearly  in  contact  with  the  surface  of  the  work. 
The  bar  is  slowly  revolved  and  the  distance  the  pointer  is 
from  the  circle  at  various  points  is  noted.  Adjustments  both 
vertical  and  horizontal  are  now  made  until  the  pointer  follows 


the  circle  exactly.  The  pointer  is  then  replaced  by  a  cutter 
and  the  hole  is  bored,  taking  several  cuts.  It  is  well  when 
near  the  finished  size  to  note  whether  the  bored  hole  is  true 
with  the  circle.  If  it  is  not,  a  slight  adjustment  of  the  work 
may  be  necessary  so  the  hole  will  be  true  with  the  circle, 

33.  Example  of  Vortical  and  Horizontal  Adjust- 
ments.— It  is  frequently  required  to  bore  a  group  of  holes 
at  certain  fixed  distances  from  each  other  and  from  a  center 
line.  An  example  of  boring  work  of  this  nature  is  shown 
in  Fig.  13.  Here,  the  work  is  set  up  to  bore  the  top  hole. 
The  circles  locating  the  holes  are  first  laid  out  in  the  usual 
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way.  The  top  hole  a,  in  this  case,  is  bored  first  and  the  table 
is  then  raised  the  required  amount  to  bore  the  lower  holes, 
all  the  backlash  in  the  elevating  mechanism  being  taken  up. 
If,  however,  the  boring  head  were  adjustable  vertically,  the 
lower  holes  would  be  bored  first  and  the  head  would  then  be 
raised  to  bore  the  other  holes.  In  this  way,  the  backlash  would 
be  taken  up. 

34.  When  the  top  hole  a  is  to  be  bored  first,  the  work 
is  lowered  so  that  the  center  of  the  top  hole  is  slightly  below 
the  center  of  the  boring  bar  and  then  raised  so  that  the  height 
of  the  hole  is  the  same  as  the  measured  or  gauged  distance 


of  the  boring-bar  center  above  the  table.  The  table  is  next 
fed  crosswise  to  bring  the  bar  central  with  the  boring  circle, 
and  the  hole  is  bored  to  size.  The  bar  is  then  removed  and 
the  table  r^sed  the  exact  distance  that  the  lower  holes  are 
to  be  below  the  upper  ones.  The  cross-table  is  then  fed 
crosswise  the  required  distance,  and,  by  taking  up  the  backlash, 
adjusted  to  bore  the  hole  b.  After  gauging  and  checking  the 
distance  the  table  is  moved,  the  hole  b  is  bored  to  size. 

The  example  in  Fig.  13  shows  another  hole  c  on  the  other 
side  of  the  center  line.  The  setting  for  it  may  be  made  by 
feeding  the  table  slightly  beyond  where  it  stood  to  bore  the 
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hole  b  and  bringing  it  back  to  take  up  the  backlash.  The 
cross-table  is  then  adjusted  so  that  the  cutter  will  just  scrape 
in  the  hole  b,  after  which  the  bar  is  removed  and  the  table  ■ 
fed  crosswise,  the  required  center-to-center  distance  from 
the  hole  b  to  the  hole  c.  To' facilitate  the  adjustment  of  the 
boring-mill  carriage,  stops  are  often  bolted  to  the  side  of  it 
and  the  distances  between  them  and  the  saddle  are  measured. 
If  the  cross-feed  screw  has  a  graduated  dial,  this  adjustment 
may  be  made  with  it  and  checked  by  measuring  or  gauging. 
The  hole  is  then  bored  and  reamed.  If  there  are  other  hoks 
or  groups  of  holes  they  are  located  and  bored  in  a  like  manner, 

35.  Hilling  on  Boring  Hill.— The  milling  done  in 
horizontal  boring  machines  is  similar  to  that  done  in  the 
heavier  types  of  milling  machines.     Solid  cutters  are  used  for 

the  smaller  work,  and  large  inscrted-tooth  cutters,  resembling 
the  heads  used  on  rotary  planers,  are  usually  employed  in  facir^ 
large  surfaces.  The  horizontal  boring  machine  is  especially 
well  adapted  for  facing  irregular  surfaces,  the  horizontal  and 
vertical  feeds  being  so  arranged  that  either  one  or  both  may 
be  thrown  in  at  the  same  time,  thus  permitting  any  path 
within  the  range  of  the  machine  to  be  followed.  The  inserted- 
cutter  end  mill  is  probably  the  most  used  for  milling  on  the 
boring  mill,  though  other  work  such  as  dovetailing  and  T  slotting 
are  often  done.  The  T  slots  are  roughed  out  to  the  required 
depth  with  plain  end  mills  and  finished  with  regular  T-slot 
cutters. 

The  single-end  bar  shown  in  Fig.  8  (a)  is  often  used  for  dove- 
tailing or  undercutting,  suitable  inserted-tooth  cutters  being 
used.  

HORIZONTAL    FLOOR    HILU 

36.  Example  of  Horizontal  Floor  Mill. — A  type  erf 
horizontal  boring,  drilling,  aiTd  milling  machine,  known  as 
a  horizontal  floor  mill,  that  is  used  quite  extensively  in  shops 
doing  heavy  work  is  illustrated  in  Fig.  14.  The  boring  bar  a 
and  feed  mechanism  are  earned  in  a  head  b,  supported  on  a 
column  c.  which,  in  turn,  rests  on  the  bed  d.     The  power  is 
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transmitted  to  the  machine  through  the  cone  pulley  and  back 
gear  at  e,  and  is  carried  by  means  of  shafting  and  gears  to  the 
boring  bar.    The  machine  is  so  constructed  that  the  head  may 


be  moved  vertically  on  the  column,  and  the  column  horizontally 
on  the  bed,  while  the  boring  bar  moves  in  and  out  through  the 
head. 
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The  work  is  set  on  a  floor  plate  h,  which  is  provided  with 
T  slots,  as  shown.  The  outer  end  of  the  boring  bar  is  sup- 
ported in  a  bearing  /  mounted  on  the  column  g,  which  rests 
on  the  floor.  The  column  and  bearing  may  be  moved  to  any 
location  on  the  floor  plate  and  adjusted  to  any  desired  height. 

37.  The  floor  plate  of  this  type  of  machine  is  sometimes 
made  very  large,  so  as  to  accommodate  very  large  work  or 
more  than  one  machine.  A  good  arrangement  consists  of 
two  machines  set  at  right  angles  to  each  other,  the  one  being 
of  a  heavy  class  designed  principally  for  boring  large  diameters, 
while  the  other  is  somewhat  lighter  and  is  especially  adapted 
for  drilling  and  small  boring  operations. 

38.  Setting  and  Fastening  Work. — ^The  same  prin- 
ciples used  in  securing  the  work  on  the  tables  of  planers  and 
vertical  boring  mills  apply  to  horizontal  boring  mills  as  well. 
It  is  necessary  to  set  the  work  perfectly  level,  and  to  line 
up  the  center  line  of  the  proposed  hole  with  the  center  line  of 
the  boring  bar.  Parallels  and  blocks,  or  wedges,  are  used 
to  raise  the  work  a  suitable  height,  and  to  level  it  up.  Care 
should  be  taken  to  set  the  work  so  it  cannot  be  sprung,  and, 
when  properly  set,  clamps  are  applied,  as  shown  in  Fig,  15. 

39.  Fig.  15  ippresents  an  engine  bed  set  on  a  large  floor 
plate  and  being  operated  on  by  a  traveling-head  boring  bar 
driven  by  a  large  horizontal  boring  machine.  The  bed  a 
is  mounted  on  par&llels  b,  near  each  end  of  the  bed,  which  arc 
clamped  to  the  floor  plate  by  means  of  the  clamp  c,  and  the 
bed  is  clamped  to  the  parallels  with  the  clamps  d.  A  i)air 
of  pipe  jacks  e,  running  out  from  the  comers,  as  shown,  guards 
against  both  side  and  end  motion.  A  duplicate  set  of  parallels, 
clamps,  and  jacks,  at  the  other  end,  which  is  not  shown,  holds 
the  bed  rigidly  in  place. 

40.  Arrangement  of  Boring  Bar,  Cutter,  and  Facing: 
Head. — ^The  illustration  shows  the  boring  bar  /.  the  boring 
head  g  with  two  tools  h  in  position,  the  traversing  screw  i, 
the  outer  bearing  /  with  the  front  of  its  suppMting  column  k, 
the  facing  head  /  with  the  tool  m  clamped  on  the  tool  slide  n. 
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the  feed-screw  o,  the  star  p,  and  the  star  feed-post  q,  t|ie  last 
being  bolted  to  the  floor  plate. 

The  boring  bar  is  connected  to  the  spindle  by  means  of  a 
special  socket  r.  One  end  of  the  socket  fits  the  spindle  and 
the  other  end  is  bored  out  to  receive  the  boring  bar,  which 
is  gripped  and  held  central  by  means  of  four  setscrews  s. 
The  illustration  shows  a  typical  piece  of  work  for  this  class 
of  machine,  and  the  usual  method  of  supporting  and  holding  it. 

The  work  is  faced  true  with  the  bore  by  the  facing  head, 
which  is  secured  to  the  bar  after  the  boring  is  done.  The 
body  of  the  facing  head  /,  Fig.  15,  can  be  attached  to  the 
boring  bar  at  either  end  of  the  work  by  meaHs  of  the  cap 
and  bolts  shown,  and  the  cutting  tool  will  feed  in  or  out, 
depending  on  whether  the  feed-post  q  is  clamped  on  the  right- 
or  the  left-hand  side  of  the  bar. 


CTLINDGR    BOBINO 

41.  Setting:  Cylinders  f(w  Boring. — Engine,  pump,  or 
other  cylinders  in  which  a  reciprocating  piston  must  operate 
should  always  be  bored  in  the  position  in  which  they  are  to 
be  tised.  The  cylinder  of  a  vertical  engine  should  be  bored 
standing  on  its  end,  while  the  cylinder  of  a  horizontal  engine 
should  be  bored  in  a  horizontal  position.  In  large  cylinders, 
especially,  there  is  considerable  spring  due  to  their  weight, 
which  will  tend  to  produce  an  oval  shape  when  a  pylinder 
that  has  been  bored  in  a  vertical  position  is  laid  on  its  side, 
or  when  a  cylinder  bored  in  a  horizontal  position  is  set  on  end. 
When  the  boring  is  done  in  its  working  position,  this'entjr 
is  practically  prevented. 

42.  Finishing  Cut. — ^The  working  surface  of  the  cylinder 
should  be  very  carefully  bored  so  that  it  will  be  cylindrical. 
There  is  some  difference  of  opinion  as  to  the  best  course  to 
pursue  to  attain  this  end.  Some  persons  claim  that  the  finishing 
cut  should  be  taken  with  a  square-nosed  tool  so  that  the 
surface  will  be  perfectly  smooth;  others  prefer  a  rounded 
diamond  point,  the  claim  being  made  that  the  narrow  point 
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is  less  affected  by  unevenness  in  the  structure  of  the  metal, 
and  that  the  slight  ridges  formed  tend  to  reduce  the  amount 
of  metal  in  actual  contact,  and  are  an  advantage  rather  than 
a  detriment.  The  slight  ridges  also  tend  to  draw  the  oil 
under  the  piston,  thus  affording  better  lubricating  conditions. 

43.  All  shopmen  agree  that,  whatever  tool  is  used  for 
the  finishing  cut,  it  should  run  continuously  from  one  end 
of  the  cylinder  to  the  other.  The  heating  due  to  the  action 
of  the  tool  causes  enough  expansion  that  even  a  short  stop 
will  leave  a  noticeable  ridge,  and  long  stops  m^e  it  necessary 
to  bore  the  whole  length  over  again.  For  this  reason,  cylinder- 
boring  machines  should  be  run  by  an  independent  engine  or 
other  motor. 

44.  Hacblnes  Kmployed  in  Cylinder  Boring. — Cylin- 
ders are  bored  in  lathes,  vertical  and  horizontal  boring  mills, 
or  special  machines  built  for  that  purpose,  depending  on 
the  amoimt  of  this  class  of  work  to  be  done.  Except  in  shops 
where  enough  similar  cylinders  are  bored  to  require  one  or 
more  special  boring  mills,  either  an  ordinary  vertical  or  hori- 
zontal boring  mill  or  a  lathe  is  used. 

45.  Corliss  Engine  Cylinder-Boring  Maehlne.— A 
machine  for  boring  large  Corliss  engine  cylinders  is  shown 
in  Fig.  16.  Two  adjustable  boring  bars  a  and  b,  standing 
at  right  angles  to  the  main  spindle  c,  are  provided  for  boring 
the  ports,  while  the  main  spindle  c  bores  the  cylinder  proper. 
An  outboard  bearing  d  for  the  main  boring  bar,  which  is 
mounted  on  a  vertical  slide  on  the  column  e,  is  raised  and 
lowered  by  means  of  the  wheel  /  to  suit  the  spindle.  The 
main  spindle  is  driven  through  the  cone  and  back  gear  at  g, 
while  the  main  head  h  is  raised  and  lowered  by  a  belt  that 
runs  on  the  pulleys  i  and  moves  the  head  with  a  vertical  shaft 
through  a  woim  and  worm-gear  at  /.  The  small  heads  and 
boring  bars  a  and  b  are  operated  through  the  cone  and  gearing 
at  k  and  shaftipg  and  gears  in  the  bed  /  and  column  m.  The 
column  «,  with  its  bearings,  forms  an  outer  support  for  the 
two  boring  bars  a  and  b.  The  cylinder  is  supported  on  the 
parallels  o  and  p. 
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46>    Vertical    Cyllnder-Borlng    Hsctaine. — In    shops 

having  a  large  amount 
of  vertical  cylinder 
boring  to  be  done, 
special  machines  are 
sometimes  employed; 
these  machines  are  so 
constructed  that  the 
cylinder  stands  on  a 
heavy  floor  plate,  to 
which  it  is  clamped. 
The  boring  is  done  by 
a  vertical  bar,  the 
upper  end  of  which, 
together  with  the 
driving  mechanism,  is 
carried  by  heavy  col- 
umns. These  ma- 
chines are  sometimes 
so  constructed  that 
the  bar  and  a  portion 
of  the  driving  mech- 
anism may  be  lifted 
out  of  the  way  while 
the  cylinder  is  being 
placed  in  the  machine. 
Such  heavy  machines 
are  usually  run  by  an 
independent  engine 
or  other  motor, 

47.   VerUcal  Cyl- 
inder-Bering  Bar. 

In  shops  where  the 

>  work  does  not  war- 

Pjj.  ,y  rant  ihe  purchase  of 

an  expensive  machine, 
a  vertical  boring  bar,  like  the  one  shown  in  Fig.  17,  may  be 
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used.  The  cylinder  is  supported  on  the  stand  a,  and  is  damped 
between  it  and  the  four-arm  bracket  b  at  the  top,  which  also 
fonns  the  guide  for  the  boring  bar  c.  The  bar  is  rotated  by  a 
lai^e  bevel  gear  d  and  a  bevel  pinion  driven  by  a  shaft  and 
pulley  from  which  the  machine  receives  its  power.  The  cutter 
bead  e  is  fed  by  means  of  the  ordinary  feed-screw  /  and  the 
reduction  gearing  g  and  h  shown  at  the  top  of  the  bar. 


BOBINO   SPHEBICAI.   BE:ABtN08 

48.  Bonn;  Bar  for  Spherical  Surfaces. — Pig.  18  illus- 
trates a  device  used  to  bore  internal  spherical  surfaces.  It 
consists  of  a  boring  bar  a  having  a  double-end  arm  b  pivoted 
on  the  axis  c,  which  stands  at  right  angles  to  the  center  line 


of  the  bar.    The  arm  b  carries  on  its  outer  ends  two  tools  d, 
set  in  and  clamped  as  shown. 

If  the  arm  b  is  turned  about  its  axis  c  while  the  bar  a  is 
rotating,  the  tool  points  will  bore  an  internal  spherical  surface. 
In  order  to  secure  this  motion,  the  arm  b  is  constructed  with 
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the  segment  e  of  a  wonn-gear  on  one  side.  A  worm  /  engages 
with  this  worm-gear,  so  that  when  the  wonn  is  rotated,  the 
arm  swings  about  the  center  c,  causing  the  tool  points  to 
travel  in  an  arc  about  the  same  center.  The  worm/  is  revolved 
by  a  star  g  through  the  gears  k  and  i.  A  post  on  the  floor 
operates  the  star  in  the  usual  way.  The  worm  /  is  supported 
in  two  flanged  bushings  ;  and  k,  while  the  arm  b  is  pivoted 
on  a  through  bolt.  The  end  /  of  the  boring  bar  is  made  to 
fit  the  spindle  of  a  large  horizontal  boring  mill  in  which  it 
is  used,  while  the  end  m  fits  the  outer  bearing.  Narrow 
round-nosed  tools  are  usually  employed  with  a  fine  feed,  so 
as  to  form  a  smooth  surface.  For  the  roughing  cuts,  the 
two  tools  may  be  used,  but  for  the  finishing  cut,  it  is  best 
to  use  one  tool  only. 

49*    Portable  Device  for  Boring  Spherical  Surfaces. 

When  the  amoimt  of  ^herical  boring  to  be  done  does  not 


warrant  the  construction  of  a  bar  as  illustrated  in  Fig.  18, 
or  in  cases  where  a  portable  arrangement  is  necessary,  a  boring 
bar  may  be  fitted  up  as  shown  in  Fig.  19.  An  ordinary  boring 
bar  a,  with  its  feed-screw  and  gearing  b  and  c,  and  boring  head  d, 
is  fitted  up  with  a  forked  arm  e,  which  is  pivoted  on  both 
sides  of  the  bar,  so  that  the  axis  of  rotation  of  the  arm  and 
the  center  line  of  the  bar  intersect  at  right  angles.  The  arm  e 
carries  a  tpol  /  and  is  connected  with  the  head  d  by  the  link  g. 
The  boring  bar  is  rotated  by  means  of  the  worm-^ear  h  and 
a  worm  and  pulley  that  are  not  shown.     As  the  screw  b  is 
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rotated,  the  head  d  is  moved  along  the  bar.  and  the  link  g 
causes  the  arm  e  to  swing  about  its  axis,  and,  when  both  bar 
and  screw  are  rotated,  the  tool  will  fonn  the  desired  spherical 
surface. 

The  illustration  shows  the  bar  mounted  on  a  large  engine 
bed  i,  ready  to  bore  the  spherical  bearing  j.  The  bar  is  sup- 
ported on  two  brackets  k  bolted  to  the  ends  of  the  bearings, 
and  is  kept  from  moving  endwise  by  means  of  the  worm- 
gear  k  on  one  end  and  the  collar  I  on  the  other  end. 

BORINQ    FIXTUBES 

50.    Fixture    for   Baring   Duplex   Pump   Cylinders. 

Fig.  20  shows  a  fixture  for  holding  a  set  of  four  pump  cylinders 
while  they  are  being  bored  in  a  double-head  madiine,  whid) 


is  also  double-ended,  the  fotu-  cylinders  being  bored  at  the 
same  time.  The  cutters  at  the  two  ends  of  the  machine 
rotate  in  opposite  directions,  thus  lessening  the  tendency  to 
move.  In  Fig.  20,  a  shows  the  device  empty,  while  b  shows 
a  pair  of  cylinders  mounted  in  the  machine.  The  cylinders 
rest  on  a  pair  of  cross-bars  c  supported  on  four  adjusting 
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screws.  The  end  adjustment  is  made  by  means  of  a  screw  d 
at  each  end,  only  one  of  which  is  seen,  while  the  side  adjust- 
ment is  made  by  means  of  the  four  screws  e. 

51.  The  fixture  is  set  on  the  table,  as  shown,  the  two 
tongues/,  Fig.  20,  fitting  into  corresponding  slots,  to  prevent 
any  slipping  and  to  insure  perfect  alinement  on  the  table.  The 
fixture  is  clamped  on  the  table  by  means  of  the  bolts  g.  When 
the  cylinders  are  in  .place  and  the  adjusting  screws  are  set 
up  tightly  the  cylinders  are  held  securely  by  means  of  the 
clamps  k.  The  illustration  shows  a  roughing  cutter  t  just 
entering  the  cylinder  and  a  pair  of  finishing  cutters  ;  lying 
on  the  top  of  the  machine. 

62.  Special  Boring  Fixture. — Pig.  21  illustrates  a 
spedat  fixture  that  may  be  used  on  either  a  boring  mill  or 
a  lathe,  for  boring  the  connecting-rod  pin  hole  of  a  gas-engine 
piston.  The  piston  a  is  held  between  the  two  V-shaped  cast- 
ings b  and  c.  The  casting  c  is  bolted  firmly  against  the  side 
of  the  rest  as  shown,  and  the  casting  b  is  loose.    The  piston 


is  placed  between  the  V's,  and.  when  set  in  its  correct  poa- 
tion,  b  is  drawn  up  against  it  by  the  two  end  bolts  d, 
and  the  clamping  bolts  e  are  tightened.  In  the  illustration 
only  one  of  the  bolts  d  and  e  are  seen,  the  others  being  located 
in  the  rear.  The  boring  bar  /  is  then  passed  through  the  V's 
and  the  piston,  and  the  holes  are  bored  in  the  usual  way. 
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This  axrangement  insures  a  hole  that  is  perfectly  central  and 
square  with  the  piston.  For  larger  pistons,  a  single  V  is  used 
in  a  larger  machine,  the  piston  being  simply  clamped  against  it. 

53.  Boring  on  Drill  Press  or  Radial  Drill. — Light 
boring  work  that  is  ordinarily  done  on  a  boring  mill  or  lathe 

may  be  done  on  a  drill  press  or 
radial  drill  when  a  suitable  jig  is  pro- 
vided to  support  the  ends  of  the 
boring  bar. 

A  good  example  of  a  boring  jig  that 

may  be  used  on  a  drill  press  is  shown 

in   Fig.  22.     The  jig  is  of  the  box 

type  and  the  body  a  is  supported  by 

the  lovi  feet  b.    The  work  c  to  be 

bored  is  secured  to  the  jig  body  by 

means  of  the  two  clamps  d.    Two 

cored  holes  e  are  to  be  bored.     The 

boring  bar  /  is  guided  by  hardened 

steel  bushings  g  in  the  upper  and 

lower  ends  of  the  jig.     The  machining 

operation  is  as  follows:    The  work  is 

clamped  in  position  against  the  stops 

and  the  boring   bar   is  inserted   and 

fastened  in  the  spindle;  one  or  more 

*''°'^  double-end  cutters  are  then  fed 

through  the  cored  holes,  after  which  the  hole  may  be  reamed 

with  a  finishing  reamer.    The  same  process  is  repeated  for  the 

other  hole. 

54.  Hand-Power  Boring  Fixture. — It  is  frequently 
necessary  to  bore  or  true  holes  in  work  that  it  is  impossible 
to  put  in  a  boring  mill.  This  occurs  when  no  boring  mill 
is  available,  or  when  a  machine  bearing  gets  cut  and  the 
expense  of  taking  the  injured  part  out  would  he  too  great; 
it  occurs  also  in  repair  work,  when  the  boring  must  be  done 
away  from  a  shop. 

A  satisfactory  hole  may  be  bored  by  making  or  selecting 
a  suitable  boring  bar  and  providing  two  bearings  in   which 
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the  bar  is  an  easy  sliding  fit.  The  bearings  are  then  mounted 
in  line  with  the  hole  to  be  bored.  The  bar  is  now  passed 
through  the  work  and  the  bearings  carrfully  leveled  and 
squared  so  that  the  hole  to  be  bored  will  be  in  the  required 
position.  The  adjustment  of  the  bar  requires  skill  and  judg- 
ment. The  bar  must  usually  be  so  .adjusted  that  the  hole 
will  have  a  fixed  relation  to  the  other  parts  of  the  machine. 


^ - 

' ..t 'J^ 


It  is  sometimes  necessary  to  take  down  adjoining  parts  to 
uncover  flat  surfaces  or  to  clear  holes  from  which  the  boring 
bar  may  be  located  by  tramming  or  lining.  A  screw  damp  a. 
Fig.  23,  may  be  secured  so  that  its  screw  can  be  used  to  feed 
the  bar  b  through  the  bearings  c  and  the  work  d.  A  cutter  e 
is  held  in  the  bar,  which  is  rotated  by  turning  the  crank  / 
by  hand. 
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WORKING  CHILLED  IRON 


CHILIiED  IRON 

1.  Chilled  Iron  is  cast  iron  that  has  been  chilled,  or 
cooled,  rapidly  as  the  molten  metal  is  poured  into  a  mold. 
Chilling  is  accomplished  by  using  an  iron  mold  instead  of  a 
sand  mold,  as  in  ordinary  molding.  This  iron  mold  is  called 
the  chill,  and,  like  the  sand  mold,  must  have  the  correct  form 
to  make  the  desired  casting.  Not  all  forms  of  castings  may  be 
chilled,  owing  in  some  cases,  to  the  severe  casting  and  shrink- 
age stresses,  and  in  other  cases  to  the  inability  to  chill  inacces- 
sible parts  of  the  casting. 

In  F^.  1  is  shown  a  cross-section  of  a  mold  for  making  a 
plfun,  solid,  chilled-iron  roll  with  necks  and  driving  ends,  the 
body  only  being  chilled.  The  mold  for  the  necks  and  driving 
ends  of  the  roll  is  made  of  sand.  In  the  illustration  a  is  the 
roll,  b  the  chill,  c  the  riser  head,  d  the  cope,  e  the  reducer, 
/  the  sand,  g  the  drag,  k  the  runner  spout,  i  the  pouring 
basin,  /  the  joints  fastened  by  clamps  and  wedges,  k  the  end 
plate,  and  I  the  chilled  surfa<^. 

2.  Characteristic  Features. — The  rapid  cooling  of  the 
metal  which  lies  against  the  chill  forms  a  skin  or  shell  of  hard 
iron  varying  in  depth  and  hardness  according  to  the  composi- 
tion of  the  metal  and  the  method  of  manufactm-e.  This  rapid 
cooling  of  the  metal  produces  a  casting  with  a  hard  surface 
having  a  great  resistance  to  wear. 

Chilled  iron  may  readily  be  distinguished  from  sand,  or  gray, 
iron  by  the  white  color  of  the  fractiu-e  as  opposed  to  the  gray 
color  of  ordinary  cast  iron.     The  outer,  or  clear  white,  layer 
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is  known  as  the  clear  chill.     Where  the  shell  of  chilled  iron 
merges  into  the  gray  iron  will  be  found  a  layer  of  mottled 
chill,  which  is  a  mixture  of  chilled  and  gray  iron.    The  mot- 
tled-chill layer  is  usually  of  about  the  same  depth  as  the  clear 
chill,  the  remaining  part  of  the  casting  being  gray  iron.    The 
layer  of  clear  chill  plus  the 
layer   of    mottled   chill  is 
known  as  the  total  chill. 

3.    Reading    Chill 

Depth.— When  the  chili 
depth  is  spoken  of  it  is 
understood  to  mean  the 
depth  of  clear  chill.  When 
reading  chill  depth,  either  a 
clean  fracture  or  a  cut  taken 
on  the  end  of  the  casting 
at  right  angles  to  the  chilled 
surface  must  be  available. 
The  depth  of  chill  can  be 
distinguished  readily  by  the 
naked  eye.  In  Fig.  2,  a 
section  of  a  casti:^  having 
a  chill  depth  a  and  a  mot- 
tled chill  b  is  shown. 

There  are  many  grades 
of  chilled  iron,  varying,  ac- 
cording to  the  uses  to  which 
they  are  to  be  put,  from  a 
very  mild  to  a  very  hard 
chill.  On  turning  a  num- 
'''"■ '  ber  of  chilled  rolls  of  differ- 

ent grades,  it  is  possible  to  become  familijir  with  the  way  they 
cut;  the  harder  the  chill,  the  more  difficult  to  cut  it.  When 
determining  the  grade  of  chilled  iron  in  this  way,  care  must  be 
taken  to  get  a  good  tool,  to  become  familiar  with  the  way  it 
cuts,  and  to  always  use  tools  of  the  same  grade.  The  degree 
of  hardness  of  the  surface  may  be  readily  determined  by  the 
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scleroscope.  The  harder  and  deeper  the  chill,  the  more  brittle 
the  casting  becomes;  consequently,  to  guard  against  breakage, 
the  chill  should  never  be  harder  nor  deeper  than  its  use  requires. 

4.    Uses  of  Chilled  Iron. — Owing  to  its  great  resistance 
to  wear,  chilled  iron  is  used  largely  for  making  chilled  rolls. 


These  rolls  are  used  to  roll  varied  products  made  from  metals, 
cereals,  and  other  materials.  The  use  of  chilled  iron  is  not, 
however,  confined  to  rolls  atone,  for  the'  guides  for  rolling  mills, 
car  wheels,  rock-crusher  plates,  dies,  anvil  blocks,  and  other 
articles  arc  made  with  chilled  faces. 


MACHINING  CHILLED  IRON 


TURNING  AND  GRINDING  CHILLED  ROLLS 
5,  Essentials. — In  working  chilled  iron,  good  castings 
are  essential.  The  castings  must  be  free  from  cracks,  blow 
holes,  and  dirt,  and  the  chill  must  be  of  the  right  depth.  In 
turning  chilled-iron  rolls,  special  lathes  must  be  employed,  and 
a  few  general  rules  must  be  observed  to  insure  successful  work. 
The  cutting  speed  must  be  so  slow  that  the  tool  will  hold  its 
edge  until  it  has  done  a  reasonable  ajnount  of  work.  Tlic  lathe 
must  have  a  large  amount  of  power,  ajid  the  toi>ls  and  the  lathe 
must  be  of  rigid  construction.  The  tool  steel  employed  must  be 
the  best,  and  selected  according  to  the  character  of  work. 
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TORNINO    SOLID    ROLld 

6.  lAthea  for  Tumlng  Chilled  Rolls. — ^A  type  of  lathe 
for  turning  rolls  cast  solid  and  having  journals,  or  necks,  as 
shown  at  m.  Fig.  1,  and  driving  ends,  or  wobblers,  as  shown  at  n, 
is  illustrated  in  Fig.  3.  In  common  with  all  lathes  used  for 
turning  chilled  iron,  this  lathe  is  powerful  and  rigid  in  construc- 
tion. The  bedplate  is  strongly  constructed  and  is  securely 
bolted  to  a  solid  foundation.  The  headstock  is  provided  with 
double  helical  gears,  so  that  the  pull  may  be  constant  and  that 
the  teeth  of  the  gears  cannot  cause  hammering  or  backlash. 
Instead  of  the  cone-pulley  drive  the  lathe  may  have  a  single 
pulley  with  a  variable-speed  countershaft.  This  latter  prac- 
tice has  the  advantage  that  more  speeds  are  possible.  A  direct- 
connected,  variable-speed  motor  may  be  used  to  drive  the  lathe. 
In  Fig.  4  is  shown  a  form  of  roll  lathe  in  which  the  machine  is 
driven  by  a  single  pulley  a  belt-connected  to  a  variable-speed 
countershaft, 

7.  In  all  cases,  chilled  rolls  are  turned  by  feeding  the  tool 
crosswise  into  the  roll,  the  length  of  the  cutting  edge  of  the  tool 
determining  the  length  of  suriace  turned.  Consequently,  a 
chilled-roll  lathe  is  not  provided  with  a  feed  rod  to  move  the 
carriage  lengthwise.  The  necks  and  wabblers  being  soft,  the 
rolls  are  frequently  centered  and  necked  on  an  ordinary  engine 
lathe.  The  operation  of  turning  the  necks  of  rolls  is  known  as 
necking.  The  riser  head  may  also  be  cut  off  in  the  engine 
lathe.  When  the  rolls  are  necked  on  a  roll  lathe,  the  center 
holes  are  usually  made  by  band,  using  a  portable  drill  to  oper- 
ate the  drill  and  reamer. 

The  tailstock  b.  Fig,  3,  is  used  when  turning  rolls  between 
centers,  as  when  necking  or  cutting  off  riser  heads.  On  lai^ 
lathes,  the  tailstock  is  provided  with  rollers  which  can  be  raised 
into  position  when  sliding  it  along  the  bedplate.  The  necking 
rest  c  is  used  to  support  the  turning  tool  when  necking.  It  is 
moved  along  the  bedplate  and  bolted  in  position  opposite  where 
it  is  desired  to  cut.  The  roll  would  then  be  necked  by  feeding 
the  tool  crosswise. 
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8.  After  the  rolls  have  been  necked,  the  tailstock  and  neck- 
ing rest  are  removed  and  the  regular  roll-lathe  hoi;sings  d. 
Fig.  3.  are  placed  on  and  securely  bolted  to  the  bedplate.  The 
chucks,  or  bearing  bloeks,  e  fit  into  the  housings  and  form  the 
necessary  bearings  for  the  rolls  to  run  in.  The  tool  rest  /, 
known  as  the  piano  rest,  is  also  supported  by  the  housings  d. 
The  housing  posts  g,  which  hold  the  caps  k  in  position,  and  the 
housings  d  are  rigidly  connected.  The  chucks  e  and  the  caps  h 
generally  have  babbitted  faces  for  the  necks  to  run  in.  These 
faces  are  kept  well  greased  to  prevent  scoring  of  the  finished 
necks.  In  some  cases  extra  bearing  blocks  are  forced  between 
the  necks  and  the  housing  posts  to  increase  the  bearing  sur- 
face. The  caps  h  are  made  to  slip  over  the  housing  posts  g  as 
shown.  The  housing  posts  are  slotted  at  intervals  as  shown  at  i 
to  receive  the  blocks  /  which  prevent  the  caps  from  moving 
upwards.  The  front  end  of  the  caps  are  held  in  position  by  the 
bolts  and  nuts  k.    These  bolts  are  keyed  to  the  housings  d. 

9.  Material    of   Toola    for    Turning    Chilled    Iron. 

When  working  chilled  iron,  high-speed-steel  tools  are  neces- 
sary when  heavy  and  fast  cutting  is  to  be  done.  For  this 
reason,  high-speed  steel  is  largely  used  for  roughing  tools  for 
chilled  iron.  As  it  will  not  hold  a  sharp  edge,  however,  it  is  not 
adapted  to  finishing  work.  High-carbon  tool  steel  hardened 
in  brine  does  hold  a  fine  accurate  cutting  edge,  and  for  this 
reason  is  chiefly  used  for  finishing  tools.  It  may  also  be  used 
for  roughing  work;  but  this  is  not  advisable  if  time  is  an 
important  factor. 

10.  Solid  Turning  Toola. — ^Tools  used  to  work  chilled 
iron  are  not  blocked  up  from  the  piano  rest,  but  are  made  of 
such  depth  that,  when  set  up,  they  will  be  the  desired  distance 
below  the  center  of  the  work.  Clearance  on  the  cutting  edge 
is  necessary.  A  tool  set  at  the  center  must  have  a  good  deal 
of  clearance,  making  the  point  weak.  A  tool  set  below  center 
can  be  square,  making  a  stronger  cutting  edge.  Hence,  all 
took  for  turning  chilled  iron,  cuttingoff  tools  excepted,  are 
always  made  and  set  so  that  their  cutting  edges  will  be  below 
the  center  of  the  work.     Tools  for  turning  work  of  large  diam- 
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eter  are  set  farther  below  center  than  those  used  to  turn  work 
of  small  diameter. 

11.  Different  types  of  tools  employed  in  turning  chilled 
rolls  are  illustrated  in  Pig.  5.  The  facing  tool  used  to  turn 
the  straight  surfaces  of  chilled  rolls  is  shown  in  (a).  It  is 
made  from  a  bar  of  steel  from  1  to  1)  inches  square  and  from 
3  to  12  inches  long,  depending  on  the  work  to  be  done.  When 
making  this  tool,  the  stock  is  first  annealed  by  heating  it  red 
hot  and  cooling  it  slowly  in  lime,  after  which  the  grooves  are 
formed  on  a  shaper.  Each  face  is  now  hollow  ground,  holding 
the  tool  parallel  with  the  face  of  the  grinding  wheel.  The  tool  is 
then  hardened  and  touched  up  slightly  on  a  grindstone,  after 
which  the  comers  are  honed  to  an  edge  with  an  oilstone.  The 
pusher  used  to  force  the  tool  shown  in  (a)  into  the  roll  is  shown 
in  (6) .  It  may  be  made  of  any  grade  of  steel.  In  use,  a  copper  or 
brass  strip  a  is  placed  between  the  facing  tool  b  and  the  pusher  c 
to  prevent  injury  to  the  sharp  edges  of  the  tool  by  the  pusher. 
The  pusher  must  be  shaped  so  that  it  will  bear  against  the  top 
edge  of  the  tool  in  order  to  avoid  all  tendency  to  push  the  bot- 
tom part  of  the  tool,  to  which  no  resistance  is  offered,  toward 
the  work.  If  the  bottom  part  of  the  tool  were  pushed  nearer 
the  work,  the  clearance  angle  of  the  tool  would  be  reduced. 

12.  One  typfe  of  grooving  tool  is  shown  in  Fig.  5  (c). 
The  exact  form  of  the  tool  depends  on  the  shape  of  the  groove 
to  be  turned  in  the  roll.  The  tool  shown  is  used  to  turn  flat 
grooves  whose  rolling  surfaces  are  parallel  and  whose  sides  are 
perpendicular  or  nearly  so  to  the  length  of  the  roll. 

Another  type  of  grooving  tool  is  shown  in  (d).  This 
tool  is  used  to  turn  dif^onat  grooves  in  rolls,  as,  for  example, 
grooves  used  to  roU  squares  and  diamonds.  Both  roughing  and 
finishing  tools  of  this  type  are  used.  The  roughing  tool  has  a 
blunt  point  and  is  made  of  high-speed  steel.  Heavy  cutting 
can  be  done  with  this  tool.  The  finishing  tool  is  made  of  high- 
carbon  tool  steel  and  has  a  sharp  point.  To  avoid  destroying 
this  point,  light  cuts  must,  of  course,  be  taken. 

13.  In  Fig.  5  ie)  and  (/).  fomis'of  roughing  tools  known  as 
lip  tools  are  shown.     These  tools  will  remove  stock  more 
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rapidly  than  those  ground  straight  on  the  top.  In  (g)  a  form 
of  roughing  tool  similar  to  that  in  (e),  but  narrower,  is  illus- 
trated. It  is  used  to  rough  out  narrow  recesses  and  to  cut  off 
riser  heads. 

In  (h)  the  tool  for  sharpening  the  comers  of  the  grooves 
is  represented.  This  tool  is  employed  when  cutting  ofl  riser 
heads  in  the  lathe.  The  tool  shown  in  (g)  is  used  first,  running 
the  cut  down  almost  to  the  required  depth.  Then  the  tool 
shown  in  (A)  is  run  in  and  the  comer  of  the  groove  next  to  the 
roll  is  sharpened  up,  so  that  when  the  riser  head  is  broken  off 
it  will  break  flush  with  the  end  of  the  roll. 

14.  One  form  of  cuttlng-off  tool  is  shown  in  Fig.  5  (t). 
This  tool  is  forged  from  }"X11"  steel,  and  is  hardened  in 
brine.  The  edge  of  the  tool  is  about  f|  inch  wide  and  the 
comers  a  and  b  are  cut  off  at  an  angle  of  about  45*.  When  the 
comers  are  ground  to  this  angle,  they  are  not  so  easily  broken 
when  used  as  would  be  the  case  if  left  square.  The  front  face 
of  the  too!  is  given  a  little  clearance  as  shown  at  c.  This  clear- 
ance is  seldom  more  than  5°.  This  cutting-off  tool  is  used  to 
cut  through  the  chilled  iron,  an  ordinary  cutting-off  tool  being 
employed  to  cut  through  the  softer  iron  at  the  center  of  the  roll, 

15.  Cutting-off  tools  must  overhang  the  front  edge  of  the 
tool  rest  to  a  greater  extent  than  the  ttiming  tools.  They 
are  therefore  made  deeper  from  the  top  to  the  bottom,  and  con- 
sequently stronger.  In  use,  the  top  face  d  of  the  tool  shown  in 
Fig.  5  (0  is  set  above  the  center  of  the  roll,  and  clearance  must 
be  allowed  on  the  face  c  as  shown.  When  it  is  necessary  to  have 
a  tool  overhanging  the  front  edge  of  the  tool  rest,  the  tool  prop  t. 
Fig.  3,  and  the  bar  s  that  support  it  are  \ised.  The  tool  prop 
is  made  just  the  right  length  and  is  placed  under  the  front  edge 
of  the  tool.  This  relieves  the  stress  on  the  tool,  making  it 
possible  to  use  lighter  tools. 

16.  It  was  formerly  considered  good  practice  and  economy 
when  making  wide  tools  to  use  tool  steel  for  the  cutting  edge 
only  and  weld  the  tool  steel  to  a  shank  made  ot  machinery  steel. 
However,  it  takes  time  to  make  the  weld  and  the  tools  are  often 
Icist  by  cracking  in  tempering.     Tools  made  of  solid  tool  steel 
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can  always  be  used  or  changed  to  other  shapes,  where  the 
welded  tool  would  have  to  be  scrapped.  For  these  reasons, 
modem  practice  fa- 
vors the  use  of  sohd 
rather  than  welded 
tools. 

17.  A  tool  for 
turning  small  round 
and  oval  grooves  is 
shown  in  Fig.  6.  The 
tool  a,  called  a  plug, 
is  a  cylindrical  piece  \ 
of  tool  steel  with  both 
ends  squared  and  < 
ground.    The  push-  ''"■* 

up  6  is  used  to  force  the  cutting  edge  into  the  roll  c.  The 
tool  is  supported  on  the  blocks  d  and  e,  which  are  of  such 
thickness  that  the  Cutting  edge  of  the  tool  will  come  about 
J  inch  below  the  center  of  the  roll.  Any  portion  of  either 
the  top  or  bottom  end  of  the  plug  may  be  used  to  cut  . 
the  groove.  In  case  both  ends  are  dull,  the  plug  may  be 
resharpened  by  grinding  its  ends.  The  block  d  forms  a  rest 
for  the  plug;  prevents  the 
tool  from  digging  in,  thus 
marking  the  main  rest;  and 
also  prevents  the  tool  from 
tipping  over  when  the 
grooves  are  turned  deep. 
The  push-up  is  made  with 
clearance  so  that  it  will 
bear  against  the  top  of  the 
plug  as  in  the  case  of  the 
facing  tool, 

' ^^ '  18.     Bullt-Up  Turn- 

•■'"^  ing  Tools.— In  Fig.   7   a 

built-up  tool  for  turning  large  grooves  is  shown.     The  tool  is 
used  chiefly  to  turn  circular  grooves ;  but  tools  are  also  made 


rni. 


idb,Google 


12 


WORKING  CHILLED  IRON 


to  ttOTi  irregularly  shaped  grooves.  The  cutting  portion  a  of 
the  tool  is  made  of  high-speed  tool  steel  for  the  roughing,  and 
high-carbon  tool  steel  for  the  finishing  operations;  the  tool 
block  b  is  made  from  machinery  or  any  other  kind  of  steel  avail- 
able. The  tool  is  fastened  to 
the  block  by  the  bolts  c.  This 
]  *  form  makes  a  good  substantial 
tool.  The  tool  block  may  be 
used  to  hold  different  cutters. 

19.     Holding     Tools. 

Owing  to  the  severe  stresses  to 
which  tools  for  working  chilled 
""' "  iron  are  subjected,  they  are  not 

held  in  an  ordinary  tool  post,  but  are  clamped  very  rigidly  to 
the  tool  rest/,  Fig.  3.  This  rest  is  provided  with  two  T  slots  / 
and  with  rectangular  holes  in  its  upper  surface,  as  shown. 
These  rectangular  holes  are  fitted  with  dogs  m  and  «.  The 
dog  m,  a  larger  view  of  which  is  shown  in  Fig.  8,  is  similar  to 
the  ordinary  planer  plug,  and  the  shank  a  is  square  or  rect- 
angular, depening  on  the  form  of  the  holes  in  the  rest.  The 
end  b  of  the  setscrew  is  brought  in  contact  with  the  tool  or  the 
blocking.  The  dog  n.  Fig.  3,  is  of  the  general  form  shown  in 
Fig.  9,  and  is  arranged  to  fit  into  a  T  slot,  indicated  by  the 
dotted  lines.  The  lug  a  is  so  formed  that  the  dog  can  be  easily 
removed  from  the  T  slot  by  simply  lifting  up  on  the  head  of  the 
setscrew  b.  and  when  the 
end  c  of  the  setscrew  is 
brought  against  the  work, 
the  lug  a  will  take  hold  of 
the  T  slot  and  hold  the 
work  firmly  in  place.  The 
tools  are  held  from  behind 
and  at  the  sides  by  means  ^'°'  * 

of  the  dogs  just  described,  and  are  held  down  by  means  of  the 
setscrew  o  in  the  clamp  p  shown  in  Fig.  3.  The  tool  and  rest 
are  advanced  toward  the  roll  by  turning  the  screws  q,  and  the 
tool  only  by  turning  the  screw  r.     The  tool  is  forced  into  the  roll 
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by  turning  the  screw  r.  The  screws  q  are  used  merely  to  back 
up  the  rest,  so  that  when  the  tool  is  cutting  it  will  not  force  the 
rest  back  from  the  face  of  the  roll.  It  is  not  necessary  to  have 
the  rest  parallel  to  the  axis  of  the  roll.    When  cutting  deep 


grooves  the  tool  extends  rather  far  out  in  front  of  the  tool  rest 
and  must  be  supported.  This  may  be  done  by  the  use  of  a  prop 
bar  s,  and  the  prop  (,  on  which  the  front  edge  of  the  tool  rests. 

20.    The  device  «,  Fig.  4,  for  holding  the  tool  is  shown  in 
detail  in  Fig,  10.    The  tool  c  is  set  on  two  pieces  of  packing  b 
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to  bring  it  up  to  the  correct  cutting  he^ht.  The  saddle  c, 
which  works  in  the  T  slot  d,  together  with  the  block  e  and 
wedge  J,  keeps  the  tool  forced  against  the  tool  rest  g.  The 
wedges  h  hold  the  tool  at  right  angles  to  the  work  as  it  is 
advanced  into  the  roll  by  the  screw  i,  which  works  in 
the  pusher  ;.  This  pusher  is  held  in  the  L  slot  k  of  the  rest. 
The  block  /  is  placed  between  the  tool  and  the  screw,  in  case 
the  tool  is  not  long  enough  to  reach  to  the  screw.  Screw  blocks, 
as  shown  at  m,  are  sometimes  used  in  place  of  the  wedges  h. 
21.  Grinding  Turning  Tools. — To  secure  a  straight 
edge  on  the  tool,  it  is  ground  on  a  grinding  machine  provided 
with  a  carriage  or  special  tool  holder.  The  sides  of  facing  tools 
a  are  ground  concave,  or  hollow,  as  shown  in 
I  *  Fig.  11.  In  this  way  two  sharp  edges  a  a 
and  b  b  are  produced.  The  marks  left  by  the 
grinding  wheel  are  removed  by  rubbing  an 
oilstone  over  the  face  of  the  tool.  The  tool 
is  first  set  to  use  one  edge  as  a  a  and  when 
,  dull,  the  tool  is  turned  over  and  the  other 
edge  bb  is  used. 
'"  22.  A  type  of  wet  grinding  machine  pro- 
vided with  a  carriage  and  used  to  sharpen 
tools  for  cutting  chilled  iron  is  shown  in 
Fig.  12.  The  machine  is  fitted  with  a  slide  a 
to  which  the  tool  is  clamped  at  b.  The 
depth  of  the  cut  is  regulated  by  the  screw  c  and  the  clearance 
angle  by  the  screw  d.  The  tool  is  fed  back  and  forth  across 
the  face  of  the  grinding  wheel  by  means  of  the  hand  wheel  e, 
a  pinion  engaging  with  the  rack  /,  which  is  secured  to  the  bot- 
tom of  the  slide  a.  With  this  device,  tools  may  be  ground 
accurately  and  quickly. 

23.  Cutting  Speeds. — To  a  great  extent  the  cutting  speed 
depends  on  the  character  of  the  chilled  iron  being  turned  and 
the  diameter  of  the  roll.  On  small  rolls  a  surface  speed  of 
from  34  to  3G  inches  per  minute  is  good  practice,  while  for 
lai^e  rolls  a  surface  speed  of  from  28  to  30  inches  is  used.  A 
surface  speed  of  40  inches  per  minute  is  probably  as  high  a 
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speed  as  could  be  employed  with  good  result,  although  a  speed 
of  11  feet  per  minute  has  been  obtained  on  very  mild  chilled 
iron.     In  this  case  the  tool  steel  used  was  exceptionally  good. 

24.  Cutting  Feeds. — In  turning  chilled  iron,  the  tool  is 
never  fed  along  the  work  lengthwise,  but  at  right  angles  to  the 
face  being  turned.  This  feeding  is  done  by  hand  through  the 
use  of  a  wrench  and  screws.  The  amount  of  feed  depends  on 
the  hardness  of  chill  being  turned,  the  size  of  the  roll,  and  the 


strength  of  the  lathe  and  its  attachments.  On  a  roll  of  mild 
chill  and  large  diameter  using  a  high-speed-steel  tool  of  the 
form  shown  in  Fig.  5  (/)  on  a  very  rigid  lathe,  a  cut  A  inch 
deep  may  be  taken.  This  is  the  deepest  feed  that  may  be  used 
on  diilled  iron,  and  it  is  not  practicable  to  employ  it,  as  the  tools 
will  stand  up  for  a  short  time  only  and  the  wear  on  the  lathe  is 
excessive.  Ordinarily  a  cut  of  about  ^f  inch  deep  is  considered 
a  good  average  cut.  In  turning  a  plain  chilled  roll  a  tool  of 
the  form  shown  in  Fig.  5  (a)  is  used.     Cuts  .01  inch  deep  may 
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be  made  with  this  tool.    This  depth  of  cut  is,  however,  rather 
excessive,  the  normal  depth  being  about  .003  or  .004  inch. 

25.  Setting  TJp  Roll  in  Latbe. — The  center  holes  of 
chilled  roUs  include  an  angle  of  60°,  and  their  width  across  the 
mouth  varies  from  J  to  3  inches.  For  a  500-pound  roll,  a 
width  of  mouth  of  1  inch,  and  for  a  2,000-pound  roll,  a  width 
of  mouth  of  2  inches,  is  good  practice.  As  all  rolls  are  cast  on 
end,  the  bottom,  or  drag,  end  is  necessarily  more  solid  and  true 
than  the  top,  or  cope,  end,  sometimes  called  the  riser,  or  head, 
end.  The  top  face  of  the  riser  head  is  piped  considerably 
and  is  very  rough  and  irregular,  owing  to  shrinkage,  feeding. 


and  dirt.  For  these  reasons,  the  cope  end  is  not  centered,  a 
false  center.  Fig.  13,  being  attached  to  it  by  means  of  the  set- 
screws  a.  This  false  center  contains  a  center  hole  b  which 
receives  one  of  the  lathe  centers.  The  drag  end  of  the  roU 
is  centered  as  usual,  and  the  roll  is  put  on  the  lathe  centers 
with  the  false  center  on  the  tailstock  end.  By  adjusting  the 
screws  a,  the  work  may  be  adjusted  until  either  the  wabblers  or 
the  body  runs  true.  The  usual  practice  is  to  set  the  large  rolls 
so  that  the  bodies  run  true,  and  the  small  rolls  that  are  to  run 
at  a  high  speed  in  the  mills,  so  that  the  wabblers  run  true. 
If  these  fast-running,  small  rolls  were  not  turned  true  to  the 
wabblers,  the  wabblers  would  probably  break  off  in  service. 
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26.  Testing  Casting. — Before  finishing  the  roll,  it  is 
tested  for  chill  depth,  evenness  of  chill,  and  flaws.  To  test  for 
chill  depth,  take  a  cut  over  each  end  of  the  roll,  using  a  tool 
of  the  form  shown  in  Fig.  5  (J),  and  observe  the  depth  of  chill 
as  explained  in  Art.  3.  The  drag  end  usually  has  a  deeper 
chill  than  the  cope  end.  The  evenness  of  chill  may  then  be 
discerned  by  following  the  line  of  clear  chill  around  the  body. 
When  in  cooling  and  shrinking  the  roll  leans  to  one  side  of  the 
chill,  the  depth  of  chill  on  that  side  will  be  the  greater,  the  oppo- 
site side  having  a  shallow  chill  depth.  If  this  condition  is  very 
marked,  the  roll  is  made  unfit  for  use.  A  few  cuts  are  taken 
on  the  surface  of  the  body  of  the  roll,  using  a  tool  of  the  form 
shown  in  Fig.  5(f),  to 
determine  whether  it 
will  true  up  without 
fiaws. 

27.  Cutting  Off  [ 
Riser  Head  and 
Necking.— If,     by  ^'°-  '* 

testii^,  the  roll  has  been  found  to  be  satisfactory  in  all  respects, 
the  riser  head  is  cut  off.  This  may  be  done  by  using  a  round- 
nosed  lip  tool  like  that  illustrated  in  Fig.  5  (g),  cutting  into  the 
roll  as  shown  at  a,  Fig.  14,  the  tool  being  secured  to  the  neck- 
ing rest  c.  Fig.  3.  A  deep  groove  is  made,  the  comer  being 
sharpened  with  a  tool  of  the  type  shown  in  Fig.  5  (h) .  The  roll 
is  then  removed  from  the  lathe  and  the  riser  head  b.  Fig.  14, 
is  separated  from  the  body  c  by  means  of  wedges  and  a  few 
blows  with  a  sledge.  The  cope  end  of  the  roll  is  now  centered, 
and  the  roll  is  put  on  the  lathe  centers  and  necked — that  is, 
the  journals  are  trued  up.  The  necks  are  now  turned  to  size 
unless  they  are  to  be  ground  and  polished.  In  this  case  a  little 
stock  is  left.  As  this  part  of  the  roll  is  not  chilled,  the  kthe  is 
run  at  the  regular  gray-iron  speed  except  when  cutting  near 
the  body  where  chill  will  be  found. 

28.  Turning  Body  of  Plain  Roll. — ^After  necking,  the 
roll  is  removed  from  the  centers,  the  tailstock  and  necking  rest 
are  taken  from  the  lathe,  and  the  housings  d,  Fig.  3,  are  set 
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up  in  place.  The  roll  is  caused  to  turn  in  the  bearings  e  by 
the  driver  a,  Fig.  15  (a)  An  end  view  of  the  driver  is  shown 
in  Fig.  15  (6).  The  driver  fits  over  the  spindle  b.  This  spindle 
is  shaped  like  the  wabbler  c  and  is  connected  to  it  by  the  box  d. 
The  lathe  face  plate  e  carries  the  lugs  /,  and  as  the  face  plate 
revolves  these  lugs  come  against  the  lugs  g  of  the  driver,  causing 
rotation.  In  the  figure,  k  is  the  neck  and  i  the  body  of  the  roll. 
The  rolls  are  run  in  bearings  rather  than  on  the  centers  when 
turning  the  body,  because  the  centers  do  not  always  wear  uni- 
formly during  the  turning  process,  and  consequently  the  part 


of  the  roll  turned  last  would  not  be  concentric  with  that  turned 
first. 

A  facing  tool.  Fig.  5  (a),  made  of  high-speed  steel  is  set  up 
against  the  surface  to  be  turned,  the  pusher.  Fig.  5  (b).  is  placed 
against  the  facing  tool,  and  the  pusher  is  held  as  shown  in  Fig.  10. 
By  turning  the  screw  i,  Fig.  10,  the  tool  working  against  the 
pusher  is  forced  into  the  roll  and  is  adjusted  until  both  ends  of 
the  portion  of  the  roll  turned  measure  the  same.  The  part  of 
the  roll  corresjxjnding  to  the  length  of  the  cutting  edge  of  the 
tool  is  now  turned  to  the  required  diameter.  All  measurements 
are  made  with  plam  calijxirs. 

The  tool  and  pusher  arc  now  taken  out  and  reset  further  along 
the  roll  where  the  tool  is  forced  in  as  before  until  this  part  of 
the  roll  is  the  same  diameter  as  that  previously  turned.     This 
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{»ocess  is  continued  until  all  parts  of  the  body  are  turned  to  the 
same  diameter. 

29.  The  finishing  tool,  made  of  high-carbon  steel,  is  next 
set  up  in  the  same  manner,  and  very  light  cuts  are  taken  until 
the  entire  length  of  the  roll  body  is  the  same  diameter.  In 
case  the  roll  is  to  be  ground  and  polished,  it  is  not  finished  quite 
as  carefully  in  the  lathe  as 

would  otherwise  be  done,  as 

it  will  be  trued  up  accurately  ' 

on  the  grinding  machine.     A 

little  stock,  about  ^  inch, 

must  be  left  on  rolls  to  be 

groimd. 

30.  Testing     for 
Stralghtness  of  Surface. 

The   surface  of  the  roll  is  * 

tested  for  straightness  be- 
fore removing  the  roll  from 
the  lathe,  A  straightedge, 
which  has  been  chalked  on 
its  edge  with  soapstone  or 
hard  chalk,  is  placed  lightly 
on  the  finished  surface  and 
parallel  to  the  axis  of  the 
roll.  The  straightedge  is 
now  moved  lengthwise  about  < 

tV  inch,  back  and  forth  to 
produce  a  rubbing  action  on 
the  roll.  The  chalk  is  thus 
transferred  to  the  roll  at 
every  point  of  contact.     If  *  ^"'-  '* 

the  roll  is  finished  straight,  a  line  will  be  transferred  on  the  roll; 
if  the  roll  is  not  straight,  marks  will  be  found  on  the  high  spots 
only.  This  test  is  accurate  and  reliable,  can  be  easily  and 
quickly  made,  and  is  the  one  commonly  used. 

31.  Kinds  of  Grooved  Rolls. — The  surfaces  of  grooved 
rolls  which  work  together  are  called  passes.     When  the  col- 
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lars,  or  projecting  rings,  of  one  or  more  grooves  fit  into  corre- 
sponding recesses  in  the  other  roll ,  the  roll  is  said  to  have  closed 


passes;  if  the  collars  do  not  fit  into  corresponding  recesses, 
the  roll  has  open  passes.  In  Fig,  16  (a)  and  (6)  are  shovm 
examples  of  grooved  rolls  with  open  passes,  and  in  (c)  and  (rf) 
grooved  rolls  with  closed  passes  are  illustrated.  In  the  illus- 
trations, a  and  b  are  the  rolls  and  c  the  work  being  rolled. 

32,  Templets  for  Open  Passes. — The  passes  in  grooved 
rolls  are  turned  to  fit  templets  that  are  generally  made  of  sheet 
steel  or  zinc  about  ^  inch  thick.  In 
making  templets  for  open  passes  either 
the  individual  or  group  method  may 
be  followed.  Let  it  be  required  to 
make  templets  for  the  passes  of  the 
rolls  shown  in  Fig.  17.  If  the  indi- 
vidual method  is  used,  a  series  of  tem- 
plets as  shown  in  Fig.  18  (a)  are  made, 
and  if  the  group  method  is  followed, 
the  templets  are  all  formed  in  a  single 
tool  as  shown  in  Fig.  18  (b).  The 
>  group  method  has  an  advantage  in 
that  all  the  templets  for  a  certain  set 
of  grcoves  are  arranged  together;  but 
it  can  only  be  used  for  small  grooves, 
for  if  made  for  large  grooves  it  would 
'"''  be  too  clumsy  to  handle.     If  no  meas- 

^'''  '*  urement  of   the   templet   is  over   3 

inches,  its  size  is  not  objectionable.  The  templets  are  made 
so  that  the  wings  a,  Fig,  18  (a),  on  either  side  of  the  part  6 
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corresponding  to  the  groove  will  rest  upon  the  collar  of  the 
roll,  forming  an  exact  gav^e  for  the  depth  of  the  groove. 

33.  Taming  Grooved  Rolls  Wltb  Open  Passes. — ^The 
shapes  of  the  grooves  and  their  positions  in  the  rolls  are  deter- 
mined from  the  drawing,  when  turning  grooved  rolls  with  c^)en 
passes.  Suppose  the  drawing,  Fig.  17,  calls  for  rolls  to  roll 
square  bars  on  the  diagonal.  As  the  grooves  are,  in  this  case, 
identical  in  both  rolls,  the  same  tools  and  templets  may  be  used 
for  both.  A  roughing  tool  of  high-speed  steel  and  a  finishing 
tool  of  high-carbon  steel  of  the  form  shown  in  Fig.  5  (d)  are 
made,  the  point  of  the  roug^iing  tool  being  groiuid  ofE  and  that 
of  the  finishing  tool  being  left  sharp.    Templets  are  made  to 
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the  dimensions  of  the  drawing,  those  made  of  steel  being  pref- 
erable to  those  made  of  zinc,  as  they  are  less  easily  distorted 
or  damaged. 

34.  That  the  grooves  in  one  roll  may  coincide  and  be  directly 
over  those  in  the  other  roll,  a  strip.  Fig.  19,  is  made.  This 
strip  is  a  piece  of  wood  from  2  to  4  inches  wide,  i  to  1  inch  thick, 
and  a  little  longer  than  the  roll  body.  Lines  a  corresponding 
to  the  edges  of  the  grooves  are  marked  on  the  edge  oi  the  strip, 
and  a  nail  b  is  driven  in  the  end  at  a  distance  from  the  last  line 
marked  on  the  edge  equal  to  the  distance  shown  by  the  drawing, 
from  the  end  of  the  body  to  the  edge  of  the  groove.  In  tise, 
the  strip  is  held  on  the  body  of  the  roll  with  the  nail  against  the 
end  of  the  roll,  thus  being  always  held  in  the  same  relative 
position  with  the  roll.  By  using  a  strip  to  locate  the  positions 
erf  the  grooves  in  the  rolls,  and  templets  for  the  size  and  shape 
of  the  grooves,  any  number  of  rolls  may  be  turned  alike. 

To  test  the  fit  between  the  grooves  and  templets,  a  piece  of 
white  paper  is  held  behind  the  roll,  or  rolls,  so  that  a  light  from 
some  source  will  shine  directly  on  it.  The  templet  is  then  held 
in  the  pass  and  if  it  fits  perfectly  no  Ught  can  be  seen  between 
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it  and  the  roll.    If  the  groove  is  not  correctly  shaped,  light  wiH 
be  seen  between  the  templet  and  the  roll. 

35.  Templets  for  Closed  Passes. — ^The  outline  of  tem- 
plets for  closed  passes  is  made  to  correspond  to  the  complete 
outline  of  the  work  to  be  rolled  instead  of  one-half  of  this  con- 
tour, as  in  the  case  of  templets  for  open  passes.  This  is  neces- 
sary as,  when  fitting  the  templet  to  the  rolls,  they  must  be 
together,  and  consequently  a  templet  of  the  form  described  for 
open  passes  could  not  be  used,  A  convenient  method  of  hold- 
ing closed-pass  templets  is  shown  in  Fig.  20,  The  templet  a 
is  held  on  the  rod  b,  which  is  about  J  inch  in  diameter.  The 
end  c  of  this  rod  is  threaded  to  receive  a  nut  d,  and  has  a  shoulder  e 
against  which  the  templet  rests.    A  hole  whose  diameter  is 


about  3^  inch  larger  than  that  of  the  threaded  end  is  drilled  in 
the  templet,  and  the  templet  is  secured  to  the  rod.  In  use,  the 
tool  is  held  by  the  handle  /, 

36.  Turning  Grooved  Rolls  With  Closed  Poasa- 
Grooved  rolls  with  closed  passes  are  sometimes  called  coliw- 
and-groove  rolls.  They  must  necessarily  be  fitted  together 
when  turning.  This  is  done  by  finishing  one  roll,  generally 
the  collar  roll,  which  is  the  roll  carrying  the  extending  part. 
and  then  tiunihg  its  mate,  the  groove  roll,  which  is  the  rdl 
recessed  to  receive  the  collars,  while  the  finished  roll  is  carried 
above  it  on  straps  shown  at  v.  Fig.  4. 

37.  Suppose  the  rolls  shown  in  Fig.  16  (d)  are  to  be  grooved, 
their  bodies  having  been  otherwise  turned.  As  was  done  when 
grooving  rolls  with  open  passes,  a  strip,  Fig.  19,  is  made,  the 
division  marks  being  laid  off  on  it  in  accordance  wi^  the  draw- 
ing. This  strip  serves  as  a  gauge  when  spacing  the  grooves  and 
collars.  The  collar  roll  a.  Fig.  16  (d),  is  finished  first.  To 
lay  off  the  grooves,  a  chalk  mark  is  drawn  along  the  body  of  the 
roll  parallel  with  the  axis,  the  strip  is  placed  upon  this  dialk 
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mark,  a  pencil  line  is  drawn  the  length  of  the  roll,  lines  are  then 
also  drawn  on  the  roll  corresponding  to  the-  divisions  on  the 
strip,  and  prick  pundi  marks  are  made  at  the  intersections  of 
these  lines. 

38.  After  laying  out  the  location  of  the  grooves  and  col- 
lars, the  body  of  the  roll  is  rou^  grooved  nearly  to  size.  The 
parts  d,  e,  and  /,  Fig.  16  (d),  are  now  turned  to  size,  and  the 
groove  g  is  finished,  using  a  tool  of  a  shape  corresponding  to 
that  of  the  groove  and  the  strip  and  templet  as  gauges.  The 
tool  is  fed  in  until  the  groove  is  of  the  correct  shape  as  shown 
by  the  templet.  The  templet  employed  in  this  case  is  made 
especially  for  the  groove  that  forms  the  flange  of  the  work.  The 
groove  h  is  next  turned  to  size,  using  a  tool  of  the  shape  of  the 
groove,  which  is  finished  to  the  strip  and  the  complete  templet. 
The  part  i  is  now  turned,  using  the  strip  as  a  gauge,  and  the 


roll  is  removed  from  the  lathe  and  placed  on  the  straps  v. 
Fig.  4,  after  the  groove  roll  b  has  been  set  in  the  housings. 

The  groove  roll  is  now  laid  off  and  grooved  as  was  done  in 
the  case  of  the  collar  roll,  except  that  the  straps  carrying  the 
collar  roll  are  let  down  gradually  as  the  groove  roll  is  being 
finished  until  the  rolls  are  the  same  distance  apart  that  they 
are  to  be  run  in  the  mill.  The  groove  is  then  finished  to  fit 
perfectly  the  templet,  which  is  held  on  a  rod. 

39.  Turning  Concave  Rolls. — Rolls  used  to  roll  sheet 
metals  may  be  of  either  the  hot  or  cold  type  and  are  not  grooved. 
Hot  rolls  are  those  used  to  roll  hot  sheets,  and  cold  rolls  are 
employed  to  roll  cold  sheets.  Owing  to  the  greater  expansion 
in  the  center  part  of  the  rolls  when  hot,  hot  rolls  are  usually 
made  concave,  as  shown  exaggerated  in  Fig.  21.  The  shape 
of  the  roll  is  that  of  a  regular  curve  a  b.  The  smallest 
diameter  c  of  the  roll  is  at  the  center  and  the  largest  diam- 
eters d  are  at  the  ends.     The  rolls  are  made  of  such  form  that 
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when  they  are  brought  together  with  their  axes  crossed  a  certain 
amount,  the  contact  between  the  rolls  will  be  a  stra^bt  line. 
In  operation,  the  rolls  are  not  crossed.  The  cross  of  the  rolls  is 
measured  by  placing  a  strajghtet^e  on  the  roll  at  such  an  angle 
that  no  light  can  be  seen  between  it  and  the  roll,  drawing  one 
line  along  the  straight-edge,  and  another  line  touching  the  first 
line  at  one  end  of  the  roll  body  and  parallel  to  the  roll  axis, 
and  measuring  the  distance  between  these  lines  at  the  other  end 
of  the  roll  body.  This  distance  is  known  as  the  cross  of  the  rt^- 
The  cross  of  the  rolls  usually  varies  from  2  to  3^  inches. 

Concave  rolls  are  turned  so  that  when  a  straightedge  is  placed 
on  them  at  the  proper  angle,  no  light  can  be  seen  between  it 
and  the  rolls.  The  cutting  edge  of  the  tool  used  for  turning 
the  rolls  is  slightly  rounded.  Both  ends  of  the  rolls  are  turned 
to  the  san;ie  diameter,  and  the  center  is  tirnied  the  required 
amoimt  smaller.  Cuts  are  then  taken  on  the  body  of  the  itdl 
until  the  desired  shape  and  finish  are  obtained. 

40.  Size  of  Rolls  for  Working  Hot  Ircm. — In  turning 
grooves  for  rolling-mill  work,  the  grooves  must  be  made  some- 
what larger  than  the  standard  bars  they  are  intended  to  rdl. 
To  meet  these  requirements,  an  allowance  of  ^  inch  per  inch 
of  diameter  is  usually  considered  sufficient.  For  instance,  a 
tool  to  cut  a  groove  for  rolling  a  1-inch  roiuid  bar  would  have 
to  be  1^  inches  in  diameter,  and  a  groove  for  rolling  a  3"Xi" 
flat  bar  would  have  to  be  3A  inches  wide,  similar  allowances 
being  required  for  all  shapes. 

41.  Returning  Worn  Rolls. — Rolls  that  have  been 
worn  from  use  are  usually  returned.  It  will  be  found  that  a 
very  hard  skin,  almost  impossible  to  cut,  has  been  formed  on 
the  surface.  This  skin  is  very  thin  and  is  removed  by  taking 
a  heavy  cut,  getting  imder  the  skin,  before  truing  up  the  sur- 
face accurately  with  light  finishing  cuts.  If  li^t  cuts  are 
attempted  before  remo\'ing  this  skin,  the  tool  will  be  dulled. 
High-carbon  steel  is  used  for  both  the  roughing  and  finishing 
tools,  as  high-speed  steel  will  not  retain  a  good  cutting  edge. 
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42.  lAthe  for  Turning. — Rolls  for  flouring  mills,  calen- 
dering rolls  for  paper  mills,  and  rolls  for  other  similar  purposes 
are  generally  cast  hollow  and  chilled  on  the  outside.  These 
rolls  are  usually  turned  on  a  special  type  of  lathe,  Fig.  22,  and, 
in  the  case  of  flouring-mill  and  calender  rolls,  are  ground  to  a 
perfect  finish  while  miming  on  their  own  bearings. 

Both  spindles  of  the  lathe  are  made  hollow  and  the  roll 
is  introduced  through  them  and  the  collars  a.  Fig.  22,  and  is 
held  in  position  by  the  setscrews  b.  In  the  lathe  shown,  both 
spindles  are  fitted  with  gears,  the  roll  being  driven  from  both 
ends,  thus  increasing  the  rigidity  of  the  lathe.  The  shaft ;'  is 
driven  by  any  convenient  means.  The  pinion  is  keyed  to  this 
shaft  and  drives  the  gear  which  is  keyed,  together  with  the 
pinions  which  drive  the  spindle  gears,  to  its  shaft.  This  style 
of  lathe  is  not  provided  with  a  carriage  having  a  feed  parallel 
to  the  length  of  the  lathe,  but  simply  with  a  broad  tool  post  d 
fitted  upon  a  cross-slide  c  that  can  be  fed  along  the  ways  e  by 
means  of  the  feed-screw/. 

Lathes  driven  from  one  end  only  are  also  used  for  turning 
hollow  rolls.  In  this  case,  the  tailstock  end  of  the,  lathe  is 
made  with  a  hollow  spindle  through  which  the  roll  can  be 
introduced. 

43.  Holding  and  I>rlvlng  Work, — ^Hollow  rolls  are  first 

set  up  in  the  lathe ;  the  chilled  surface  is  then  turned,  and  the  ends 
arc  cut  off,  after  which  the  rolls  are  bored  and  fitted  to  a  center 
piece  which  forms  the  shaft  and  journals.  Ordinarily,  in  turn- 
ing 10-  or  12-inch  rolls  that  are  to  be  bored  and  moimted  sub- 
sequently, the  roll  is  held  by  means  of  eight  setscrews  at  each 
end,  these  setscrews  also  acting  as  drivers.  Fig.  23  illustrates 
the  general  method  of  driving.  In  Fig.  22  can  be  seen  the  col- 
lar a  through  which  the  setscrews  b  are  passed  to  hold  the  work. 
The  same  letters  have  been  used  for  referring  to  these  parts 
in  Fig.  23.  The  roll  r  is  centered  and  held  by  means  of  the  set- 
screws  b.  This  method  of  adjusting  and  driving  the  roll  enables 
the  workman  to  center  the  chilled  part  very  carefully,  so  that 
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the  amount  of  tuniing  required  will  be  as  small  as  possible. 
There  is  generally  about  J  to  A  inch  of  stock  to  be  turned  from 
chilled  rolls,  and  as  the  turning  process  is  very  slow  it  is  impor- 
tant that  the  centering  be  done  accurately  and  carefully. 

44.  Holding  lAthe  Tools. — Tools  for  turning  hollow 
chilled  rolls  must  be  clamped  to  the  lathe  tool  rest  very  rigidly. 
The  method  of  holding  the  tools  is  illustrated  in  Figs.  22  and  23. 
In  Fig.  23  the  tool  c  is  set  on  the  carriage  h  and  clamped  down 


by  means  of  the  strap  e,  which  is  held  in  position  by  two  bolts/. 
The  tool  is  forced  against  the  rolls  by  means  of  a  series  of  set- 
screws  g.  Care  must  be  taken  that  the  front  face  of  the  rest 
is  close  to  the  roll,  as  shown  at  i.  The  closer  this  rest  is  to 
the  roll,  the  less  danger  there  will  be  of  breaking  the  front 
face  of  the  tool.  The  flat  tools  employed  for  this  work  may 
be  originally  §  in,  X  5  in.  X  5  in.  If  the  tool  is  ground  on 
one  face  only,  but  two  cutting  edges  can  be  obtained  from  one 
grinding.  If  the  tool  is  ground  on  both  faces,  as  ;  and  k,  four 
cutting  edges  will  be  obtained.    When  these  have  been  dulled. 
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the  tool  15  ground  again,  and  each  succeeding  grinding  makes 
it  narrower.  Tools  can  be  used  until  they  become  so  nanow 
that  they  can  no  longer  be  held  by  the  clamps  e.  In  Fig.  22, 
the  clamps  can  be  seen  at  g ;  in  this  case  very  narrow  tools  are 
being  employed  and  packing  pieces  A  are  placed  behind  them 
for  the  setscrews  i  to  bear  against. 

45.  The  upper  edge  of  the  tool  c,  Fig.  23,  is  set  i  inch 
below  the  center  of  the  10-inch  roll.  This,  together  with  the 
concave  form  of  the  face,  will  give  the  proper  amount  of  clear- 
ance. In  setting  cutting-off  tools,  they  are  clamped  by  means 
of  one  or  more  clamps  similar  to  e.  Fig.  23,  and  the  back  end 
of  the  tool  is  set  against  a  setscrew  or  a  packing  piece  held  by 
two  or  more  setscrews.  Cutting-ofif  tools  must  overhang  the 
front  edge  of  the  rest «,  Fig.  23,  to  a  greater  extent  than  turn- 
ing tools,  and  consequently  it  is  necessary  to  have  the  tool 
deeper  from  the  top  to  the  bottom,  so  that  it  may  be  stronger. 

After  the  tools  have  been  clamped  in  place  they  are  fed  to 
the  work  by  means  of  the  feed-screw  /,  Fig.  22,  and  are  kept 
parallel  with  the  face  of  the  work  by  adjusting  the  setscrews  t. 
The  shavings  cut  from  the  roll  resemble  very  fine  needles  or 
gray  hair. 

46.  Turning:  Hollow  Rolls. — ^The  tools  commonly 
employed  for  turning  hollow  rolls  are  flat  broad-nosed  or  wide- 
faced  tools.  It  is  probable  that  i  in.  X  5  in.  X  5  in.  is  about 
an  average  size  for  straight  work.  In  turning  c>'lindrical  rolls 
two  tools  are  commonly  operated  at  a  time,  thus  turning  10 
inches  of  the  face  of  the  roll.  At  first  thought  it  might  seem 
best  to  use  one  tool  10  inches  wide;  but  it  is  difficult  to  harden 
so  wide  a  tool  without  cracking  it ;  narrow  tools  are  far  less 

,  likely  to  break,  and  on  the  whole  there  is  greater  economy  of 
steel  and  less  difficulty  experienced  in  adjusting  tools  when  the 
two  5-inch  tools  are  employed  in  place  of  one  10  inch.  All 
tools  for  turning  chilled  iron  differ  radically  from  those 
employed  on  softer  metals,  and  all  the  turning  is  of  the  nature 
of  scraping,  the  tools  being  given  but  little,  if  any,  clearance. 

47.  When  cutting  off  the  ends,  the  roll  is  never  entirely 
cut  off  on  the  lathe,  but  is  cut  down  until  it  has  a  shell  about 
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1  inch  thick  about  the  core.  It  is  then  removed  from  the  lathe 
and  iron  wedges  are  driven  into  the  cut  made  by  the  cutting- 
off  tool  to  force  the  end  o£f.  The  r6\l  is  bored  with  ordinary 
tools  in  another  machine,  the  central  portion  of  the  roll  being 
soft.  

OBINDINO    CHIL1£D    BOLU 

48.  Roll-Orlnding  Practice. — Chilled  rolls  intended  for 
use  in  flouring  mills,  calender  rolls  for  paper-making  machinery, 
and  others  requiring  a  smooth,  cylindrical  surface  are  finished 
by  grinding.  The  necks  as  well  as  the  bodies  of  the  rolls  may 
be  ground.  In  some  cases  the  necks  are  left  as  they  come  from 
the  lathe  and  in  others  they  are  ground  previously  to  grind- 
ing the  bodies.  If  the  necks  are  not  cylindrical  and  the  rolls 
are  ground  while  they  are  running  in  bearings,  the  body  of  the 
roll  will  not  be  ground  cylindrically.  For  this  reason,  where 
accuracy  is  required,  the  necks  are  generally  ground. 

49.  Poole  Grinding  Haclilne. — The  J.  Morton  Poole 
grinding  machine  is  much  used  to  grind  large  rolls.  It  is 
arranged  with  the  grinding  wheels  in  swinging  frames  to  grind 
the  roll  cylindrically,  regardless  of  slight  inaccuracies  of  the 
ways.  To  secure  the  best  results  in  grinding  a  roll  on  this 
machine,  the  necks  must  have  been  previously  ground  true, 
by  grinding  on  dead  centers  in  the  usual  way  on  a  cyhndrical 
grinding  machine  of  the  ordinary  type. 

50.  Cylindrical  Grtndlng  Hachlne. — ^A  cylindrical 
grinding  machine  adapted  to  roll  grinding  is  shown  in  Fig.  24. 
It  can  be  used  to  grind  both  the  necks  and  bodies  of  the  rolls, 
the  necks  being  ground  on  dead  centers,  and  the  bodies  while 
the  necks  are  running  in  bearings.  This  machine  is  simitar 
to  the  cylindrical  grinding  machines  in  ordinary  use,  being  of 
the  type  in  which  the  table  a  is  stationary  while  the  grinding 
wheel  b  and  the  carriage  c  which  contains  it,  traverse  past  the 
work  d.  This  type  of  machine  is  especially  adapted  to  the  grind- 
ing of  long  heavy  rolls,  as  the  roll  docs  not  traverse  back  and 
forth  when  grinding.  The  table  of  such  a  machine  is  more 
rigid  and  less  floor  space  is  needed. 
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51.  The  grinding  wheel  is  driven  by  a  belt  e,  Fig.  24,  oper- 
ating from  the  main  drive  shaft/.  This  shaft  extends  the  entire 
length  of  the  machine,  and  from  it  the  different  mechanisms 
are  driven  independently  through  belts.  It  is  protected  by  a 
sheet-metal  guard  g.  The  grinding-wheel  belt  e  passes  over 
idlers  k  that  are  arranged  so  that  the  belt  is  maintained 
taut  on  the  pulleys  as  the  wheel  head  is  moved  on  the  cross- 
slide.  The  carriage  c  travels  lengthwise  on  the  V  i  and  the 
fiat  j.  These  ways  are  protected  from  grinding  dust  and  dirt, 
by  the  guards  k.    When  grinding  the  necks  of  the  roll,  the  roll 


is  supported  on  dead  centers  in  the  usual  way.  When  grinding 
the  body,  of  the  roll,  the  necks  rest  in  the  bearings  /, 
the  roll  being  connected  to  the  headstock,  not  shown,  in  any 
convenient  way  to  cause  rotation.  The  headstock  spindle  and 
the  main  shaft/  are  driven  by  a  motor  located  at  the  end  of  the 
machine,  not  shown.  They  may  be  driven,  if  desired,  by  belt- 
ing connected  to  an  overhead  countershaft.  A  liberal  supply 
of  soda  water  is  furnished  to  the  wheel  when  grinding  by  the 
pump  m  through  the  hose  n.  The  speeds  and  feeds  of  the 
machine  are  controlled  by  hand  wheels  and  levers. 
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52.  Selection  of  Grinding  Wheel. — In  grinding  chilled- 
iron  rolls,  as  in  turning  them,  the  degree  of  hardness  of  the  metal 
will,  to  a  great  extent,  govern  the  working  of  it,  the  softer  roll 
being  ground  much  more  rapidly  than  the  harder.  The  selec- 
tion of  the  grinding  wheel  must  be  made  with  the  aim  in  view 
of  producing  a  highly  polished  stirface  and  a  rapid  removal  of 
stock.  The  harder  the  iron,  the  softer  in  grade  should  be  the 
wheel  for  best  results,  and  the  finer  the  grain  of  the  wheel,  the 
more  highly  polished  will  be  the  surface  produced.  In  general, for 
grinding  chilled  iron  a  soft  or  medium  soft  grade  of  wheel  and  a 
grain  of  from  60  to  80  will  be  found  satisfactory.  For  grinding 
the  necks  of  the'  rolls,  which  are  not  chilled,  a  wheel  of  harder 
grade  might  be  used.  The  same  result  may,  however,  be 
obtained  by  speeding  up  the  grinding  wheel. 

53.  Grinding  Speeds  and  Feeds. — The  surface  speed  of 
the  rolls,  when  grinding,  varies  from  20  to  60  feet  per  minute, 
and  the  depth  of  cut  varies  from  .00025  to  .004  inch.  When 
grinding  hard  chilled  iron  with  a  depth  of  cut  of  .004  inch,  the 
roll  is  run  slowly,  at  a  surface  speed  of  about  20  feet  per  minute. 
A  traverse  speed  o£  the  wheel  of  about  2i  inches  per  revolu- 
tion of  the  work  would  be  good  practice  for  this  case.  It  is 
best  to  use  this  traverse  speed,  because  by  so  doing  the  grind- 
ii^  wheel  cuts  and  consequently  wears  evenly  over  almost  its 
entire  face.  If  a  lower  traverse  speed  were  used,  one  comer 
ot  the  wheel  would  do  all  the  heavy  work  and  the  face  would 
be  worn  out  of  shape  very  quickly. 

After  the  roll  has  been  roughed  down  nearly  to  size,  a  cut 
of  ,0015  to  .002  inch  in  depth  with  a  traverse  speed  of  about 
1  inch  per  revolution  of  roll  and  a  surface  speed  of  about 
45  feet  per  minute  is  taken.  When  finishing  the  roll,  the  sur- 
face is  run  at  about  60  feet  per  minute,  the  traverse  speed  is 
lowered  to  about  |  inch  per  revolution  of  work,  and  cuts  of  from 
.00025  to  ,0005  inch  are  taken.  With  a  light  cut,  a  high  sur- 
face speed,  and  a  slow  traverse  speed,  a  surface,  mirrorlike  in 
appearance,  can  be  ground.  A  grinding  wheel  made  of  alun- 
dum,  aloxite  or  adamite,  and  operating  at  a  surface  speed  of 
from  5,500  to  6,500  feet  per  minute,  will  give  good  results. 
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54,     Grinding  of  Rolls. — When  grinding  rolls,  the  necks 
are  ground  on  the  dead  centers  in  the  usual  manner.     The 
bearings  for  carrying  the  rolls  are  now  put  on  the  table  of  the 
machine  and  adjusted  to  the  necks  of  the  rolls,  and  the  tail- 
stock  center  is  adjusted  to  the  work  to  prevent  an  endwise 
movement.     A  cut  is  then  taken  over  the  roll  and  the  work  is 
calipered  on  both  ends  to  determine  whether  the  roll  is  being 
ground  cylindrically.     If  the  roll  is  found  to  be  smaller  at  one 
end  than  the  other,  proper  adjustment  is  made  and  another 
cut  is  taken.     When  grinding,  plenty  of  soda  water  must  be 
kept  runnii^  on  the  part  being 
ground,  to  avoid  burning  the  sur- 
face of  the  roll. 

55.    Testing  Rolls.— If  the 

rolls  are  properly  ground  they 
should  fit  perfectly,  and  in  order 
to  test  them  a  chalked  straight- 
edge, such  as  was  used  to  test 
the  straightness  of  the  rolls  when 
ttmiing,  may  be  employed.  TTie 
arrangement  shown  in  Fig.  25 
is  sometimes  used  to  test  the 
''"^■^  str^ghtness    of    the    rolls.      A 

small  carriage  a  is  provided  with  carefully  planed  parallels  6 
and  c  which  are  inclined  so  that  the  rolls  will  lie  in  contact. 
Two  rolls  are  laid  on  these  parallels,  as  shown  at  d  and  e.  The 
hose  /  is  connected  to  a  gas  fixture  and  a  series  of  gas  bumc:rs 
are  arranged  on  the  pipe  g  so  that  they  furnish  a  bright  Hght 
back  of  the  joint  between  the  rolls.  Electric  light  may  be  used 
in  place  of  gas  hght.  If  the  work  has  been  properly  done,  no 
light  whatever  can  be  seen  between  the  roUs,  as  they  rest  on 
each  other  and  on  the  parallels.  An  extremely  delicate  test  of 
the  accuracy  of  the  workmanship  on  the  rolls  is  thus  given.  The 
straightedge  test  will  usually  be  found  more  satisfactory  when 
testing  large  rolls  and  the  testing  device  when  testing  small  rc41s. 
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PLANING  AND  DBJXLINO  CHILLED  IRON 

56.  Tools  for  Planing  CblUed  Iron. — It  is  frequently 
necessary  to  plane  chilled-iron  dies  for  pressed-brick  machines, 
swage  or  anvil  blocks,  drop-hammer  dies,  guides  for  rolling 
mills,  and  similar  purposes.  This  work  may  be  accomplished 
by  making  the  speed  of  the  ordi- 
nary planer  sufficiently  slow  and  the 
tools  sufficiently  rigid.  Best  results 
are  obtained  by  the  use  of  very 
rigid  machines.  In  some  cases,  the 
planing  is  done  by  feeding  a  broad,  ^"^'  ™ 

square-nosed  planing  tool  directly  down  on  the  face  of  the  work, 
a  slight  amoiuit  of  feed  being  given  after  each  cut.  When  the 
width  of  the  tool  has  been  finished,  it  is  moved  along  and  a  cor- 
responding cut  taken  down  to  the  proper  depth.     This  method  of 


□  □ 


procedure  is  exactly  like  that  employed  in  turning  chilled  rolls. 

57.  In  other  cases  a  fairly  broad-nosed  planing  tool  is 
adjusted  so  that  it  will  act  both  as  a  roughing  and  a  finishing 
tool  and  is  ^ven  a  slight  feed  across  the  planer  after  each  cut, 
the  cutting  edge  of  the  tool  being  of  the  general  form  shown 
somewhat  exaggerated  in  Fig.  26;  the  por- 
tion a  6  is  parallel  to  the  surface  of  the 
work  to  be  planed,  and  the  portion  o  c  is 
inclined  so  that  it  will  act  as  a  roughing 
tool  to  prepare  the  surface  for  the  finishing 
cut.  Such  a  tool  is  given  a  very  slight 
clearance.  This  practice  of  feeding  side- 
wise  in  planing  may  be  followed  where 
it  would  not  be  possible  to  do  so  in  lathe 
work,  because  all  the  feed  occurs  at  the 
end  of  the  stroke  before  the  tool  begins 
to  cut,  while  in  lathe  work  the  tool  must 


w 


be  fed  sidewise  during  the  cut. 

58.    A  form  of  planing  tool  used  only  for  roughing  is  shown 
in  Fig.  27.    This  tool  takes  two  cuts,  the  parts  a  and  b  doing  the 
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cutting.     Chilled  iron  which  has  been  rough-planed  with  a  tool 
of  this  form  is  finished  with  a  broad-nosed  tool. 

59.  Special  Forms  of  Planing  Toola. — Chilled  rolls 
are  sometimes  .  grooved  lengthwise.  A  tool  and  holder 
used  to  plane  grooves  of  this  form  is  shown  in  Fig.  28-  The 
tool  a  contains  a  projection  b  which  slides  in  the  slot  c  c^ 
the  holder  d.  The  tool  is  clamped  in  any  position  by  means 
of  the  yoke  e  and  the  screw  /.  The  sides  g  of  the  tool  are 
machined  to  such  a  shape  that  the  tool,  when  its  face  h  is  ground 
square  with  the  work,  will  cut  a  groove  of  the  shape  desired. 
The  tool  is  sharpened 
by  grinding  on  the 
face  h  only.  The  tool 
holder,  yoke,  and 
screw  are  made  of 
machinery  steel,  the 
roughing  tool  of  high- 
speed steel,  and  the 
finishing  tool  of  high- 
carbon  steel. 

60.  Corrugated 
Rolls. — Some  of  the 
rolls  employed  in 
flouring  mills  must  be 
corrugated  after  they 
are  turned  and 
ground.  The  corrugations  are  shallow  grooves  planed  in  the 
face  of  the  rolls;  they  are  not  parallel  to  the  length  of  the  roll, 
but  have  a  slight  spiral.  These  grooves  are  found  necessary 
in  certain  classes  of  grinding  rolls,  not  only  to  cause  material 
to  feed  properly,  but  to  produce  the  desired  result  upon  the 
material  being  ground. 

61,  Corrugating  Machine. — The  machine  employed  for 
corrugating  rolls  is  similar  to  a  planing  machine.  One  type  of 
this  class  of  machine  is  illustrated  in  Fig,  29,  in  which  a  is  the 
roll  being  grooved.     The  weight  of  the  roll  is  being  carried  on 
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bearings  b.  The  tailstock  c  is  provided  with  a  center  that  pre- 
vents any  lengthwise  movement  of  the  roll,  and  the  headstock  d 
is  furnished  with  the  necessary  mechanism  for  rotating  the  roll 
through  the  proper  angle  to  give  the  desired  spiral.  In  the 
type  of  machine  shown  this  is  accomplished  by  means  of  a  worm- 
wheel  e  and  a  worm  /.  The  worm  is  made  long  and  serves  as 
a  rack.  It  is  moved  crosswise  by  the  slide  g  traveling  in  the 
slot  k,  which  may  be  set  at  any  desired  angle  with  the  ways  of 
the  machine.     The  slide  carries  the  worm  across  the  grooving 


machine  as  the  roll  advances,  and  so  rotates  the  worm-whccI  e 
through  a  portion  of  a  revolution  during  each  stroke  of  the 
machine,  thus  producing  a  spiral  groove.  The  proper  number 
of  divisions  or  teeth  are  obtained  by  means  of  an  automatic 
spacing  device  shown  on  the  worm-shaft  i.  This  spacing  device 
gives  the  shaft  *  a  portion  of  a  revolution  after  each  stroke 
of  the  machine,  thus  advancing  the  roll  to  the  next  space. 

62.  Corrugating  the  Rolls. — In  corrugating  rolls,  a 
wide  tool  similar  to  that  shown  in  Fig.  30  is  employed.  This 
tool  is  made  of  J"XiJ"  steel.     The  tool  is  milled  on  the  end 
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with  the  kind  of  corrugation  wanted,  after  which  it  is  hardened. 

The  tool  is  so  set  in  the  machine  that  it  starts  to  cut  on  one  side 
and  each  succeeding  tooth  takes  a 
deeper  cut,  until  the  last  one  finishes 
the  cut  to  the  required  depth. 
This  method  may  be  used  if  the 
corrugations  are  not  so  large  that 
considerable  metal  must  be  re- 
moved, when  it  may  be  necessary 
to  go  around  the  roll  twice  to  finish 
the  grooves. 

63.     In  ordinary   practire  it  is 
impossible  to  take  a  cut  of  over 
""  ■"  .015  inch  in  planing   chilled  iron, 

and,  unless  wide  tools  with  a  number  of  teeth  arc  employed,  it 
will  take  a  very  long  time  to  do  the  corrugating.  In  Fig.  30 
the  curved  line  a  b  represents  the  circumfer- 
ence of  the  roll,  and  each  succeeding  tooth 
takes  a  slightly  deeper  cut  than  the  preceding, 
the  tooth  c  finishing  the  groove. 

64.  UrillinK  Chilled  Iron.— Drills  for 
drilling  chilled  iron  are  made  of  high-carbon 
steel  and  of  the  form  shown  in  Fig.  31.  A 
twist  drill  would  not  be  strong  enough  to  with- 
stand the  hard  service.  The  point  of  the  drill, 
instead  of  being  ground  to  the  regular  angle  of 
drills,  is  groimd  very  flat,  the  angle  a  being 
from  165"  to  170°.  The  tool  is  carefully 
hardened  and  a  little  clearance  is  ground  on 
the  cutting  faces.  When  drilling,  considerable 
pressure  must  be  applied  to  the  tool,  and  it  must  be  turned 
quite  slowly.     Turpentine  is  used  as  a  lubricant. 


y 
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(PART  1) 

BENCH  AND  VISE  WORK 

It  Explanation  of  Terms. — The  machine-shop  operations 
previously  considered  have  been  almost  entirely  associated  with 
machine  tools.  Aside  from  these,  a  large  amount  of  work  is  done 
by  hand,  such  as  la>'ing  out,  chipping,  filing,  scraping,  fitting, 
etc.  These  operations  are  usually  performed  either  on  a  bench , 
in  a  vise,  or  on  the  floor,  depending  on  the  nature  and  size  or 
weight  of  the  work;  hence,  the  name  bench,  vise,  and  floor  work. 

Bench  and  vise  work  is  of  a  lighter  nature  than  floor  work, 
though  it  may,  and  often  does,  include  the  entire  finishing  and 
erecting  process  where  the  machine  is  small,  and  in  the  case  of 
large  work  many  of  the  small  parts  are  assembled  at  the  bench 
and  are  then  taken  to  the  floor  and  adjusted  to  the  other  parts. 

Floor  work  includes  the  erecting  and  assembling  of  heavy 
machines  and  the  machining  of  parts  too  heavy  or  too  large 
to  be  operated  on  in  the  stationary  machine  tools.  In  the 
latter  case,  the  heavy  parts  are  set  up  at  a  convenient  place 
on  the  floor  and  the  machining  done  by  means  of  portable 
tools  set  up  at  a  suitable  location  for  each  operation. 

TOOIiS  ANB  FIXTURES  EMPLOYED 


2.  Hammers. — The  hammers  used  by  machinists  weigh 
from  J  to  2  pounds,  and  are  designated  as  ball-peen,  straight- 
feen,  and  cross-peen.    The  ball-peen  hammer,  weighing  from  1 
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to  13  pounds,  and  shown  in  Fig.  1  (a),  is  most  commonly  used 
by  machinists  for  all  ordinary  work,  including  riveting,  and  the 
effect  of  the  blow  struck  by  the  ball  is  equal  in  all  directions. 
The  straight-peen  (fc) .  and  cross-peen  (c) ,  are  employed  when 
the  effect  of  the  blow  must  be  greater  one  way  than  the 
other.    The  smaller  sizes  ot  hammers  are  used  on  light  work. 

3.  Hammer  Handles. — In  Fig.  2  (a)  is  shown  the  form  <i 
hammer  handle  used.  The  handles  vary  in  length  from  10  to 
21  inches,  depending  on  the  size  of  the  hammer,  and  are  made 
of  the  best  quality  of  white,  straight-grained,  second-growth, 
well-seasoned  hickory.  The  handle  is  fitted  to  the  eye  in  the 
hammer  head  so  that  it  fills  the  eye  as  nearly  as  possible.    The 

handle  is   set  at  right 
angles  to  the  head  of  the 
hammer,  so  that  when 
a  blow  is  struck  the  head   ' 
I  will  fall  squarely. 

The  eye  in  the  ham- 
mer head  is  made  larger 
at  its  ends  than  at  the 
middle,  and  the  handle  is 
wedged  in  the  eye  so  that 
it  win  be  held  securely 
Pij,  J  in  the  head.    The  eye  is 

widened  sidewise,  or 
lengthwise,  or  both  sidewise  and  lengthwise,  from  the  middle 
of  the  head  toward  the  outside. 

If  the  widening  is  sidewise  only,  one  wedge  is  used  as  shown 
at  a,  Fig.  2  (&).  If  the  eye  is  widened  at  the  top  and  bottom, 
and  not  at  the  sides,  two  wedges  are  driven  crosswise  as  shown 
at  a  in  (c).  If  the  widening  is  in  both  directions,  three  wedges 
are  used  as  shown  in  (d).  The  wedges  are  made  of  wrought 
iron  or  soft  steel. 

4.  Center  and  Prick  Punches. — Center  punches,  illus- 
trated in  Fig.  3  {a),  are  used  to  punch  the  centers  of  holes  to 
be  drilled.  The  prick  punch  shown  in  (i)  is  similar  to  the 
center  punch,  but  is  smaller.     The  prick  pimch  is  only  employed 
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to  make  the  light  marks  in  laying  out  work,  while  the  cen- 
ter punch  is  used  to  make  a  larger  hole  and  often  to  move  a 
center  hole  one  way  or  another.  Center  and  prick  punches 
must  have  sharp,  well-ground  points,  the  angle  of  the  point 
being  about  60°. 

5.    Special   Forms   of  Center   Punches. — Work   must 
sometimes  be  laid  out  similar  to  a  model  or  templet.    When 


this  model  or  templet  contains  holes  that  must  be  similarly 
located  in  the  work,  a  center  punch  a-s  shown  in  Fig.  3  (c)  may 
be  used.  By  putting  the  cylindrical  part  a  of  the  punch 
through  the  holes  in  the  model  or  templet  and  striking  a  blow 
on  the  he£Kl  of  the  punch,  the  point  b  is  driven  into  the  work. 
The  diameter  c  of  the  punch  must  be  the  same  as  the  diameter 
of  the  guide  hole  in  the  model  or  templet. 
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H'A(s  th^  are  laid  out  for  drulii^  have  a  circle  dram  to 
their  diameter  with  a  pair  of  dividen.  Wbere  bffge  numbers 
of  these  are  to  be  drawn,  a  tool  like  that  shown  in  F^.  3  {d)is 
usefuL  This  may  be  made  from  a  piece  ol  romid  steel  tamed 
as  shown  at  a,  making  a  center  punch  surrounded  by  a  sharp 
ring  b.  The  point  of  this  tool  is  [daced  in  the  pridc-pundi 
mark  that  ^lows  the  center  (rf  the  bc^.  and  a  Mow  cm  the  head 
of  the  UxA  kx:ates  the  cirde.  In  some  cases,  the  diameter  b 
of  the  tod  is  made  the  same  as  the  diameter  at  the  bole  to  be 


drilled,  though  for  some  work  it  is  made  larger  than  the  hole 
and  shows  whether  the  work  has  been  properly  drilled. 

A  form  of  centering  tool,  known  as  a  cup  center  and  shown 
in  Fig.  3  («),  is  sometimes  used  for  centering  round  work. 
When  the  tool  is  placed  on  the  work  as  shown  and  a  blow  is 
struck  on  the  pin  p,  the  point  is  driven  into  the  center  of  the 
work. 

6.  Scrlbers. — One  form  of  scriber  in  common  use,  shown 
in  Fig.  4  (a),  may  be  made  of  a  piece  of  A-inch  steel  wire, 
from  6  to  10  inches  long.  It  is  twisted  in  the  middle  so  as  to  be 
easily  held  in  the  hand,  and  one  end  is  bent  at  right  angles  to 
the  main  part.  The  points  are  ground  sharp  and  the  scriber 
is  liardened  and  tempered.     It  is  used  for  drawing  lines  in  Ia>'ing 
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out  work.    One  form  of  improved  scriber  with  nurled  bandies 
and  inserted  scribing  points  is  shown  in  Fig.  4  (&). 

7.    Bench    Centers    and    Straightening    Press. — The 

bench  centers  illustrated  in  Fig.  5  are  for  the  convenience  of  the 
viseman  in  centering  work  for  the  lathe.    The  centers  a  and  b 


may  be  set  at  any  location  along  the  rod  c.  The  head  d  is  pro- 
vided with  either  a  spring  or  a  screw  center,  so  that  the  piece 
can  easily  be  put  in  place  or  removed. 

The  piece  to  be  centered  is  put  in  the  vise,  center-punched, 
put  in  the  bench  center,  and  rotated  to  show  whether  it  runs 
out,  and  how  much.  The  side  out  of  center  is  marked  with 
dialk,  and  the  center  hole  drawn  toward  that  side  with  the 
center  punch.  This 
operation  must  be  re- 
peated until  the  piece 
runs  true  enough  to 
finish.  If  the  middle  of 
the  piece  is  out  of  true 
or  is  crooked,  it  should 
be  straightened  by  ham- 
mering or  by  bending  in 

the  screw-straightening  press  e,  back  of  the  centers.  The 
straightening  press  consists  of  two  movable  V  blocks  /  resting 
(Ml  a  base  g,  and  a  screw  h  with  a  V  point  on  the  lower  end,  the 
screw  being  supported  in  a  frame,  as  shown.  To  straighten  a 
piece,  it  is  laid  upon  the  blocks  /,  with  the  bend  up,  and  the 
screw  lowered  until  the  bend  is  removed. 
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8.  Hand  Hack  Saws. — The  hack  saw  consists  of  a  frame 
and  blade.  Some  of  the  frames  are  made  to  employ  one  size  of 
blade  only,  while  others  are  made  to  use  blades  of  two  or  three 
different  lengths.  The  hack-saw  blades  are  made  in  lengths  of 
from  6  to  36  inches,  and  may  be  used  either  in  hand  frames  or 
in  specially  designed  power  machines. 

The  hand  frame  illustrated  in  Fig.  6  (o)  is  an  adjustable  frame 
in  which  blades  from  8  to  12  inches  long  can  be  used.  The 
clamps  holding  the  ends  of  the  blade  may  be  set  in  four 
positions,  which  allow  the  saw  to  be  operated  in  any  desired 
direction.  Fig.  6  (b)  shows  the  blade  set  at  right  angles  to  the 
plane  of  the  frame  to  cut  lengthwise  of  the  piece.  In  hand 
work,  the  operator  should  raise  the  frame  slightly  when  drawing 
the  saw  back ;  otherwise, 
the  back  stroke  is  de- 
structive to  the  teeth. 


(P^"^^, 
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9.    Power     Hack 

Saw. — ^A    power    hack 
saw  is  illustrated  in 
Fig.  7.     It  is  provided 
W  "-ui~^-~^y  with  a  vise  for  holding 

''"^  *  the  stock  to  be  cut  off, 

and  is  made  to  stop  automatically  when  the  piece  is  cut 
through.  The  bljides  used  in  the  machine  are  generally  12  or 
more  inches  long;  they  will  cut  stock  as  large  as  4  inches  in 
diameter.  The  power  saw  has  a  great  advantage  over  the 
cutting-off  machine,  in  that  it  will  cut  stock  of  any  irregular 
section.  It  is  especially  adapted  to  cutting  off  tool  steel,  which 
it  does  quickly,  with  very  slight  waste.  The  saw  frame  of  this 
machine  has  an  upward  motion  during  the  back  stroke  that 
lifts  the  teeth  off  the  piece  being  sawed,  thus  saving  the  points 
of  the  teeth. 

10.  Hack-saw  blades  are  so  hard  that  they  cannot  be  filed, 
and  are  thrown  away  when  dull.  They  are  made  with  about 
25  teeth  per  inch  for  sawing  thin  metal,  brass  tubing,  and  pipe, 
and  with  about  14  teeth  per  inch  for  other  work.  The  8-,  10-, 
and  12-inch  blades  used  in  hand  frames  are  about  -jihf  ^^ 
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thick  and  J  inch  wide.  Longer  blades  are  generally  used  in 
the  power-driven  hack  saw  than  in  the  hand  hack  saw,  as  in 
the  power  machine  the  blade  is  guided  uniformly  in  a  straight 
line,  whereas  in  the  hand  hack  saw  the  blade  is  likely  to  run 
unevenly,  and  so  be  cramped  and  broken.     The  blade  commonly 


employed  in  the  machine  has  about  12  teeth  to  the  inch,  is 
about  T^  inch  thick,  and  f  inch  wide. 

Hack-saw  blades,  while  very  hard,  have  a  fair  amount  of 
elasticity;  10-inch  blades  of  the  best  makes  may  be  bent  to  a 
half  circle  without  breaking. 


WBBNCHES 

11.  8lngIe-End  Wrenches. — Two  classes  of  single-end 
wrenches  are  manufactured.  An  open-end  wrench  is  one  that 
encloses  three  sides  of  a  square,  or  four  sides  of  a  hexagonal 
nut  or  head;  a  closed-end  wrench  is  one  that  entirely  surrounds 
the  nut  or  head.  Open-end  wrenches  have  certain  advantages., 
in  that  they  need  not  be  sHpped  over  the  end  of  the  bolt  or  nut; 
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they  are  made  both  with  the  sides  of  the  jaws  parallel  to  the 
line  of  the  handle  and  with  the  sides  of  the  jaws  set  at  an  angle 
to  the  center  line  of  the  handle. 

12,  For  some  purposes  the 
straight  single-end  wrencb  with 
the  sides  of  the  jaws  parallel  to  the 
handle,  as  illustrated  in  Pig.  8,  is 
suitable ;  but  for  work  in  contracted 
spaces  an  offset  wrench  is  more  convenient.  The  offset 
should  be  15".  The  manner  of  using  the  wrench  is  illustrated 
in  the  four  views  in  Fig.  9.  The  wrench  handle  b  operates 
between  the  obstructions  c  and  d.  The  wrench  is  first  placed 
on  the  nut  /  as  shown  in  (a),  and  the  handle  moved  to  the  left 
into  the  position  shown  in  (6).    The  wrench  is  then  turned 


over  and  placed  on  the  nut,  as  illustrated  in  (c),  when  it  may 
be  given  another  movement,  bringing  it  into  the  position  shown 
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in  {d).    The  nut  will  have  been  advanced  i  of  a  turn  in  2  moves; 

therefore,  12  movements  are  necessary  to  make  a  complete 

turn.     If  the  wrench     ^^ 

were  made  straight,  as 

shown  in  Fig.  8,  it  could 

not  be  operated  in  the 

manner  illustrated  in 

Fig.  9,  and  the  nut  would 

have  to  be  so  located  as  to  allow  a  clear  space  in  which  the 

wrench  could  make  i  of  a  turn, 

13.  The  open-end  wrench  is  especially  adapted  for  screw- 
ing on  nuts,  screwing  in  cap  bolts,  etc. ;  but  for  operating  taps 
and  other  work,  a  closed-end  wrencli  similar  to  that  shown 
in  Fig.  10  is  often  used.  The  sides  of  the  jaws  may  be  made 
parallel  to  the  handle,  as  shown  in  Fig.  8,  or  offset,  as  shown  in 
Fig.  9.  If  the  wrench  is  intended  for  a  square-end  tap,  the  offset 
should  be  one-half  of  45°,  or  22^°,  as  shown  in  Fig.  10.  This 
will  enable  the  operator  to  advance  the  tap  i  of  a  turn  in  case 
there  are  obstructions  so  placed  that  it  is  impossible  to  make 
a  greater  fraction  of  a  turn. 

14,  I>ouble-Bnd  Wrench. — The  wrenches  used  for  turn- 
ing taps  and  hand  reamers  are  made  in  several  forms.  Some 
are  made  solid,  with  one  or  more  holes  for  different-sized  shanks ; 
but  the  wrenches  most  commonly  used  are  made  of  the  form 
shown  in  Fig.  11.  This  wrench  is  adjustable  to  several  different 
sizes  of  tap  squares.  The  length  of  the  handles  of  different 
wrenches  of  this  type  are  proportionate  to  the  diameters  of 
the  taps  on  which  they  are  to  be  used.  Holes  must  frequently 
be  tapped  in  spaces  where  wrenches  of  this  type  cannot  be 
turned,  and  the  single-end  wrench  must  be  substituted;  but, 


where  practicable,  an  extension  should  be  placed  on  the  tap 
and  a  double-end  wrench  employed,  as  by  this  means  holes 
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can  be  tapped  more  nearly  true  and  the  danger  of  breaking 
the  tap  is  less. 

15,  Socket  Wrenches. — The  most  common  form  of 
socket  wrench  is  illustrated  in  Fig.  12  (a).  It  is  used  to  turn 
nuts  and  bolt  heads  set  in  recesses  below  the  surface  of  the  work, 
as  shown  in  (b) .  These  wrenches  are 
I  made  with  either  square  or  hexf^onal 
sockets,  as  the  work  may  require. 
The  sodiets  are  made  by  laying  out 
the  desired  form  on  the  end,  drilling 
one  or  more  holes  to  remove  the 
majority  of  the  stock — in  the  case  of 
a  large  wrench,  chipping  out  some  of 
the  remainder  of  the  stock,  and  then 
broaching  the  hole  to  the  desired 
form. 

1 6.  When  it  becomes  necessary  to 
'  tap  holes  or  to  screw  in  studs 
or  bolts  in  contracted  spaces, 
the  work  may  sometimes  be 
reached  by  means  of  a  socket  extension  similar  to 
that  shown  in  Fig.  13.  This  consists  simply  of  a  long 
stem  a  having  at  one  end  a  socket  c,  of  the  form 
required  to  fit  the  work,  and  a  square  b  on  the  other 
end  intended  to  fit  a  single-  or  double-end  wrench. 
Usually,  these  socket  extensions  are  used  only  with 
double-end  wrenches. 

17.  Ratchet  Wrenches. — With  practically  all 
single-end  wrenches,  the  wrench  must  be  removed  and 
replaced  on  the  nut  after  a  portion  of  a  turn  has  been 
made.  As  there  are  a  great  many  places  where  only 
a  single-end  wrench  can  be  used,  much  time  is  lost  in 
changing  the  wrench.  To  prevent  this,  ratchet 
wrenches  are  employed.  In  one  form  of  adjustable  ratchet 
wrench,  illustrated  in  Fig.  14,  the  jaws  a  can  be  so  adjusted 
by  means  of  the  screws  b  that  they  will  accommodate  a  ntmiber 
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of  sizes.  A  handle  c  can  be  moved' forwards  through  whatever 
portion  of  a  stroke  the  location  will  permit,  and  then  return 
for  another  stroke.     Even  as  little  as  one  tooth  d  of  the  ratchet 


may  be  moved.  This  style  of  ratchet  wrench  has  but  a  single 
pawl  engaging  the  ratchet,  and  hence  there  will  be  some  lost 
motion  before  the  pawl  engages  a  tooth  on  the  forward  stroke. 

18.  The  teeth  of  the  ratchet  should  be  as  coarse  as  possible, 
to  give  them  the  requisite  strength.  Then,  in  order  to  get  the 
least  amount  of  lost  motion,  the  multiple-pawl  ratchet  is  used. 
This  form  is  illustrated  in  Fig.  15,  in  which  the  ratchet  a  has 
12  teeth;  5  pawls  &  are  so  placed  that  only  one  of  tbem  will 


engage  a  tooth  at  a  time,  as  shown  at  c.  By  moving  the  pawls 
back  t  of  a  space  between  the  teeth,  the  next  pawl  will  cbme 
in  contact  as  at  d,  and  hence  the  lost  motion  cannot  be  greater 
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than  i  of ,  tV  or  Vs,  of  a  turn.    The  pawls  are  kept  in  contact 
with  the  ratchet  by  springs,  as  shown  at  e. 

19.  Btndbolt  Wrench. — For  driving  studs  by  means  of  a 
ratchet,  a  special  stud  holder,  shown  in  Fig.  16,  is  provided. 
The  stud  a  is  screwed  into  the  socket  b,  and  then  the  point  of 
the  setscrew  c  is  run  down  against  the  end  of  the  stud  so  as  to 


GSi^EiOl 


lock  it  in  the  socket.  The  setscrew  c  is  held  in  place  by  means 
of  a  locknut  d  and  the  stud  driver  is  operated  by  means  of  a 
ratchet  c'  on  the  square  e. 

Ratchets  may  be  applied  also  to  socket  extension  wrenches 
where  these  are  in  locations  in  which  a  complete  turn  cannot 
be  made. 

20.  Pipe  Tongs. — Iron  pipe  is  screwed  together  with 
wrenches  of  various  forms,  some  of  which  are  shown  in  the 
following  illustrations:  Fig.  17  shows  the  most  common  form, 
commonly  called  pipe  tongs,  one  size  being  provided  for  each 


separate  size  of  pipe.  This  general  style  is  also  made  with 
the  jaw  o  adjustable  and  controlled  by  a  screw,  so  as  to  adapt 
one  pair  of  tongs  to  several  sizes  of  pipe. 

The  chain  tongs  shown  in  Fig.  18  is  especially  adapted  to  work 
on  lai^e  pipe.  The  handle  e  has  two  steel  jaws  a  cut  on  both 
sides.  A  chain  b  made  fast  to  the  bolt  c  permits  both  sides 
of  the  jaws  to  be  used.    The  tongs  are  rotated  in  the  direction 
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of  the  arrow.  Tongs  of  this  type  arc  made  of  various  sizes  for 
use  on  all  sizes  of  pipe.  Chain  tongs  are  the  most  rapid  tools 
of  their  kind  for  medium  and  large  work. 

21.    Pipe   Wrenches. — The  SHUson   pipe  wrench,    illm- 
trated  in  Fig.  19,  is  an  eidjustable  wrench.    It  has  a.  movable 


jaw  a  moved  by  the  milled  nut  b,  iind  may  be  used  on  several 
sizes.  Although  made  particularly  for  pipework,  it  finds  many 
other  useful  applications.  When  in  use,  the  wrench  is  turned  in 
the  direction  of  the  arrow.  Alligator  wrenches  have  a  V-shaped 
opening  in  one  end,  and  in  the  smaller  sizes  in  both  ends.    One 


side  of  this  opening  is  left  smooth  and  the  other  has  teeth  cut 
across  it  in  the  form  shown  in  Fig.  20.  These  wrenches  grip 
all  round  objects,  and  are  used  to  grip  pipe  in  places  where  the 
other  forms  of  wrenches  can  get  no  hold  at  all. 

22,     HoiUceywreDch     and     Pipe  Attachments.  —  In 

Fig.  21  are  shown  a  monkeywrench  and  its  attachments.  The 


wrench  is  adjustable  and  is  much  used  in  the  machine  shop. 
When  in  use,  it  is  rotated  in  the  direction  of  the  arrow.  A 
wedge-shaped  piece  of  steel,  or  false  jaw,  having  teeth  cut  on 
it  similar  to  those  on  the  jaw  of  an  alligator  wrench,  may  be 
made  for  any  size  of  monkeywrench.     When  supplied  with  this 
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false  jaw,  the  monkeywrench  is  used  for  pipe  work.  Such 
a  jaw  b  is  shown  attached  to  the  wrench  in  (a).  This  jaw  is 
made  with  but  one  arm  bent  at  a  right  angle,  as  shown  in  (b), 


to  pass  over  the  back  of  the  bar.  A  thumbscrew  d  is  used  to 
hold  the  jaw  on  the  bar.  Instead  of  the  form  of  false  jaw  just 
described,  one  made  in  the  form  of  a  fork  whose  two  arms  readi 
past  the  bar  a  in  (o),  of  the  wrench  may  be  used.  A  hole  is 
drilled  through  the  ends  of  this  jaw.  so  that  a  split  pin  can  be 


put  through  them  to  keep  the  jaw  from  falling  from  its  place 
on  the  bar.  Another  simple  attachment  for  adapting  a  monkey- 
wrench  to  pipework  is  shown  in  (c).    This  device  consists  of  a 
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nurled  and  hardened  cylinder,  or  roller,  c,  having  a  wire  handle/ 
for  convenience  in  putting  it  in  place.  It  js  set  between  the 
wrench  jaw  and  the  pipe,  or  other  round  piece,  as  shown  at  g. 
A  piece  of  a  10-  or  12-inch  round  file  about  1  or  IJ  inches  Itmg 
may  be  used  instead  of  this  attachment. 

23.  Use  of  Xtope  as  Pipe  Wrench. —  A  rope  may  be 
used  in  place  of  a  pipe  wrench  in  the  manner  shown  in  Fig.  22. 
The  rope  is  first  doubled,  as  shown  at  a,  and  given  enough 
turns  round  the  pipe  to  insure  gripping.  A  bar  or  a  piece  of 
wood  b  is  thrust  through  the  double  end  of  the  rope  a,  and  the 
two  loose  ends  c  of  the  rope  are  brought  together  and  held 
with  one  hand  while  the  other  hand  is  applied  to  the  bar. 
Enough  strain  is  put  on  c  to  prevent  slipping,  and  the  pipe  is 
turned  by  the  bar  fc,  the  same  as  with  any  pipe  wrench.    The 


workman  may  walk  around  the  pipe,  or  by  slacking  off  on  both 
the  bar  and  the  rope  ends,  he  may  rotate  the  rope  backwards 
to  get  a  new  hold. 

24.  Pipe  Cutter. — ^Large  pipe  is  generally  cut  into  the 
proper  lengths  in  a  pipe-cutting  machine  by  a  cutting-off 
tool,  in  the  same  manner  as  stock  is  cut  off  in  the  lathe,  and 
afterwards  is  threaded  in  the  same  machine.  Some  pipe 
machines  are  driven  by  hand,  others  by  power.  A  great  deal 
of  small  pipe  is  cut  with  a  pipe  cutter,  shown  in  Fig.  23.  The 
body  c  of  this  tool  carries  a  slide  e,  operated  by  the  screw  on 
the  handle  /.  Three  hardened-steel  cutting  wheels  a,  fe,  d  are 
set  in  the  frame  and  slide.  The  slide  e  is  drawn  back  by  means 
of  the  screw,  to  allow  the  pipe  to  pass  between  the  cutters, 
which  are  then  forced  into  the  pipe  by  turning  the  handle  /, 
and  at  the  same  time  rotating  the  tool  around  the  pipe.  Other 
cutters  of  this  sort  have  but  one  cutting  wheel,  which  is  in 
the  shde.     In  this   case  the  wheels  a  and  b  are   replaced  by 
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cylindrical  rollers  and  the  wheel  d  by  a  narrow  cutting-off 
tool.  A  hack  saw  makes  a  good  pipe  cutter,  if  employed  care- 
fully, and  when  blades  having  25  teeth  per  inch  are  used,  there 
is  little  danger  of  breakt^e.  Thin  brass  and  copper  tubing  can 
be  cut  more  easily  by  a  hack  saw  than  by  any  other  means. 


25.  Purpose  of  Vises. — In  the  machine  shop  a  large 
amount  of  work  is  necessarily  done  by  hand,  and  holding 
and  clamping  devices  of  various  sorts  are  required  for  pieces 
that  are  not  so  heavy  that 
their  own  weight  will  give 
them  the  necessary  sta- 
bility. The  parallel  jaw 
vise  will  hold  nearly  all 
flat  pieces,  and  special 
jaws  or  devices  are  made 
for  holding  irregular  and 
special  forms. 

26.    Screw  Vise. — In 

Fig.  24  is  illustrated  a 
heavy  form  of  ironworker's 
vise  designed  for  the  larg- 
est, heaviest,  and  roughest 
class  of  work.  The  jaws 
are  made  as  large  as 
8  inches  wide  and  are  oper- 
ated by  the  screw,  which 
requires  considerable  time 
''"'■ "  for  its  manipulation.     The 

body  is  secured  to  the  bench  with  bolts  that  pass  through  the 
strap  s.  Where  a  vise  must  be  operated  frequently  or  through 
a  considerable  portion  of  its  jaw  traverse,  some  special  pro- 
vision for  a  more  rapid  traverse  of  the  jaw  must  be  made. 

'  27.  Bapld-Motlon  Vise. — In  Fig.  25  is  an  illustration 
of  a  vise  so  constructed  that  the  operator  simply  pushes  the 
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cam  handle  a  away  from  him  with  his  right  hand,  and  thus 
releases  the  work  and  allows  the  movable  jaw  6  to  be  rapidly 
pushed  or  pidled  into  any  position.  The  work  is  placed  between 
the  jaws  and  gripped  by  a  pull  on  the  lever. 

28.  Swivel  Vise. — In  the  tool  room  and  in  many  places 
where  light  or  fine  work  is  done,  a  screw  vise  like  that  shown 
in  Fig.  26  is  frequently  used. 
This  vise  is  made  in  various 
sizes  up  to  those  with  7-inch 
jaws.  A  common  size  of  this 
form  is  one  with  a  jaw 
2t  inches  wide.  The  back 
jaw  a  is  hinged  and  held  par- 
allel with  the  front  jaw  by  a  ^°'  ^ 
taper  pin  b,  as  shown.  Wedge-shaped  pieces  must  often  be 
held  and  for  this  work  the  pin  b  is  removed  and  the  pressure 
of  the  fixed  jaw  against  the  work  rotates  the  movable  jaw  to 
conform  to  the  piece  held.  This  vise  is  also  provided  with  a 
base  piece  c,  which  is  bolted  fast  to  the  bench.  TTie  vise 
proper  is  swiveled  on  this  base  and  held  in  different  positions  by 
the  pin  d,  which  is  drawn  up 
to  release  the  vise  and  dropped 
into  one  of  a  series  of  holes  in 
the  base  when  the  vise  is  in 
the  proper  position. 

29.    Pipe  Vise.— The 

pipe  vise  is  a  special  form  of 
tool  made  for  firmly  gripping 
pipe  or  other  hollow  pieces 
that  would  be  crushed  if 
Fig.  27  illustrates  one  of  the  best 
forms  ot  vise  for  this  class  of  work.  The  pipe  is  gripped 
between  two  jaws  a,  a'  held  in  a  malleable-iron  frame  with  a 
movable  top  d  hinged  at  e.  When  in  use,  the  free  side  of  the 
top  d  is  held  in  place  by  the  pin  /.  The  hinged  top  on  this  vise 
allows  fittings  to  be  screwed  to  both  ends  of  a  piece  of  pipe,  and 
then,  by  simply  withdrawing  the  pin  /,  the  whole  top  of  the  vise 


gripped  in  the  ord-nary  v 
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may  be  thrown  back  clear  of  the  work,  which  can  be  lifted  out 
instead  of  being  pulled  through  the  jaws. 

30.  Pipe,  being  round,  cannot  be  screwed  together  by  the 
ordinary  forms  of  wrenches,  and,  being  hollow,  it  cannot  be 

held  in  the  ordinary 
vise  without  being 
crushed.  For  cutting, 
threading,  or  having 
fittings  screwed  on  it, 
pipe  may  be  held  in 
the  pipe  vise  just  de- 
scribed, or  in  an  or- 
dinary vise  having 
clamps  made  in  the 
form  shown  in  Fig.  28. 
The  holes  a  in  this 
clamp  are  made  to  fit 
the  outside  diameter 
of  the  pipe,  and  have 
teeth  cut  in  them  to  ■ 
prevent  the  work 
from  slipping.  They 
are  held  together  by 
^■"  the  spring  6.    For  put- 

ting polished  pipe  together,  some  form  of  clamp  or  wrench  hav- 
ing smooth  jaws  must  be  used. 

31.  Vl^e  Jaws. — All  the  vises  illustrated  are  made  of 
cast  iron,  except  the  pipe  vise,  which  is  made  of  malleable  iron. 


These  materials  make  poor  gripping  surfaces,  so  the  jaws  are 
covered  with  welded  or  riveted  steel  faces  having  cross-cuts  on 
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them,  in  order  to  grip  the  work  more  firmly.  A  piece  of  finished 
work  gripped  with  the  surfaced  jaws  would  be  seriously  marred. 
In  Fig.  29  is  shown  a  pair  of  soft- 
metal  vise  jaws  made  to  fit  over 
the  steel  jaws  of  the  vise.  When 
finished  work  is  gripped  between 
these  jaws  it  is  not  marred.  They 
are  usually  made  of  sheet  copper 
from  -3^  to  iV  inch  thick. 

Special  jaws  having  cylindrical  Fio.29 

or  irregular  recesses  cut  in  them  to  receive  special  work  are 
sometimes  used.     When  these  jaws  are  faced  with  vulcanized 


paper  or  leather,  finely  polished  brass  or  nickeled  pipe  and 
similar  work  may  be  held  without  marring  the  finish. 

32.     Special  forms  of  vises  are  often  made  for  holding  work 
of  such  form  as  is  inconvenient  to  hold  in  the  common  vise. 
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An  example  of  this  class  of  txx)l  is  the  filing  stand  shown  in 
Fig.  30  (d),  which  is  a  fixture  for  holding  the  swivel  slide  erf  a 
planer  head  while  the  edges  are  being  finished.  This  vise, 
or  holder,  consists  of  a  three-legged  base  a,  screwed  to  the  floor, 
and  an  upright  c,  supported  by  the  base,  that  may  be  clamped 
in  any  desired  position  by  the  setscrew  b.  The  top  of  the  upright 
is  bent  at  right  angles  to  c  and  threaded  for  the  nut  d,  which 
clamps  the  work  e  against  the  solid  collar  /,  as  shown  in  the 
detail  view  (fc). 

33.  The  reaming  stand,  Fig.  31,  is  another  form  of  special 
vise,  consisting  of  an  upright  a  and  a  top  b,  which  carries  four 
jaws  c  operated  by  the  handle  d.  This  stand  is  bolted  to 
the  floor  and  has  an  opening  e  in  the  column,  so  that  tools 
may  be  nm  clear  through  the  work  and  removed  at  the  bottom. 
Pulleys,  gears,  and  similar  pieces  may  be  held  for  hand  reaming 
and  work  may  also  be  held  for  tapping.  A  similar  and,  for 
some  purposes,  more  convenient  form  of  reaming  stand  is  made 
by  fastening  a  foiu^-jaw  combination  or  universal  chuck  on  an 
upright.  The  universal  chuck  has  the  advantage  that  for  many 
small  pieces  only  one  screw  need  be  moved  to  open  or  dose  the 
jaws. 

BENCHES 

34.  Forms  of  Benches. — A  very  impcntant  part  of  the 
equipment  of  a  shop  consists  of  the  benches,  especially  where 
a  large  amount  of  light  work  is  done.  They  are  usually  made 
from  30  to  36  inches  high,  depending  on  the  character  of  the 
work,  the  lighter  work  being  done  on  the  higher  benches. 

The  forms  of  benches  vary  greatly,  some  being  made  station- 
ary and  others  portable.  The  bench  must,  however,  always 
have  provision  for  attaching  a  vise,  without  which  a  machinist's 
work  bench  is  incomplete.  For  this  reason  they  are  frequently 
called  vise  benches. 

■    35.     General    Arrangement    of    Benches. — ^The    vise 

bench  should  be  located  along  the  side  of  the  room  having  the 
best  light.  The  north  side  of  the  building  is  the  best  location 
for  the  bench,  because  the  Ught  is  more  even  at  all  hours  of  the 
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day.  The  main  features  of  the  bench  must,  of  course,  be 
governed  by  the  work  to  be  done;  but  it  should  always  be 
convenient,  clean,  and  rigid.  In  many  shops  the  bench  is 
made  with  wooden  uprights  fastened  to  both  the  wall  and  the 
floor,  and  a  hardwood  top,  which  is  2  inches  thick  for  a  bench 
for  light  work,  and  from  3  to  4  inches  thick  for  a  bench  for 
heavy  work.  The  front  of  the  bench  gets  the  hardest  usage, 
and  the  back  half  of  the  top  may  be  made  much  thinner.  Vises 
suitable  for  the  work  to  be  done  should  be  located  at  convenient 


distances  apart,  and  for  each  vise  there  should  be  one  or  more 
drawers,  each  provided  with  a  lock  and  arranged  to  hold  con- 
veniently such  tools  as  the  workman  may  require.  Sometimes 
a  tier  of  drawers  is  put  in  instead  of  the  single  one,  while  at 
other  times  cupboards  are  preferred.  Cupboards,  however, 
take  up  much  room  and  hold  conparatively  little,  and  for  this 
reason  the  drawers  are  usually  more  desirable. 

36.  Bencb  With  Cast-iron  Legs  and  Frame. — ^The 
best  form  of  bench  for  general  use  is  that  illustrated  in  Fig.  32. 
A  cast  support  a  is  bolted  to  the  floor  and  also  to  the  wall. 
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The  lower  part  has  a  bracket  for  carrying  a  shelf  b  that  extends 
the  whole  length  of  the  bench,  while  provision  is  made  under  the 


top  lor  alternate  drawers  and  shelves.     Provision  is  also  made 
in  each  support  by  which  the  bolt  holding  the  vise  passes 


through  the  casting  and  thus  secures  the  vise  in  the  most  rigid 
position.     The  shelf  near  the  bottom  allows  ample  room  for 
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the  sweeper  to  get  his  broom  clear  to  the  wall.    The  top  of 
the  bench  should  have  a  smooth  finish  and  all  the  visible  wood- 
work should  be  varnished  with  good  shellac.     The  bench  is  thus 
made  much  easier  to  keep  neat  and  clean.     If  the  shop  is  heated 
by  steam,  the  pipes  may  be  placed  under  the  bench  and  open- 
ings c  provided  before  the  windows.     This  insures  a  rising 
current  of  warm  air  past  the  window  and  so  protects  .the  work- 
man from  cold  drafts.     In 
the  form  shown ,  a  gas  pipe  d 
extends  along  the  back  of 
the  bench.     When  the  shop 
is  lighted  by  electricity,  the 
gas  pipe  is  replaced  by  an 
electric  conduit. 

37.   PortableBenches. 

Examples  of  good  types  of 
portable  benches  are  shown 
in  Figs.  33  and  34.  The 
largerof  these.  Fig.  33,  con- 
sists of  angle-iron  legs  a 
carrying  a  wooden  shell  b 
and  a  cast-iron  top  d  that 
may  be  planed  true  and 
used  as  a  laying-out  table. 
The  bench  is  provided  with 
two  vises  and  drawers  e,  for 
tools.     This  bench  may  be  ^ 

moved  to  the  work,  instead  ''"^'  ^ 

of  taking  the  work  to  the  bench,  which  makes  it  especially 
useful  in  large  shops  where  heavy  machinery  is  erected.  When 
engines  or  other  machines  are  shipped,  the  bench  is  often  loaded 
on  the  cars  as  one  of  the  erecting  tools,  and  is  returned  to  the 
shop  when  the  work  is  finished. 

The  bench  illustrated  in  Fig.  34  consists  of  a  cast-iron 
column  a  and  a  cast-iron  top  b  provided  with  two  vises.  The 
bench  may  be  used  without  the  vises  for  a  small  laying-out 
table.    A  cast  drawer  c  held  by  gibs  d  provides  a  convenient 
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place  for  the  tools  used  by  the  workman.     This  bench  is  easily 
moved  to  any  part  of  the  shop  and  occupies  but  little  space. 

38,  Post  Bench. — Fig.  35  shows  a  convenient  form  of 
bench  that  may  easily  be  constructed  from  two  pieces  of  tim- 
,  ber  cut  to  fit  a  post  or  colunm  and  fastened  in  position  with 
two  bolts.  It  is  useful  principally  as  a  vise  bench,  as  shown, 
but  may  be  used  for  a  variety  of  purposes. 


CHIPPING  AND  PHJNQ 


CHIPPINO 

39.  Forms  of  Chisels. — The  forms  of  chisels  most 
commonly  used  in  the  machine  shop  are  the  fiat,  cape,  diamond, 
grooving,  and  side  chisels,  and  the  gouge.  They  are  generally 
made  from  octagon  steel  of  the  size  most  convenient  for  the 
work  for  which  they  are  to  be  used.  Special  grades  of  steel, 
known  as  chisel  steel  and  containing  about  1  per  cent,  of  carbon, 
are  made  for  chisels. 

The  proper  cutting  angle  for  most  chisels  is  the  same  as  that 
for  the  flat  chisel  for  metals  of  the  same  grade,  the  angles  for 
different  grades  of  metal  varying  from  50°  to  75°.  The  softer 
the  metal,  the  sharper  the  cutting  angle  of  the  chisel  should  be. 

When  cold  chisels  are  used  in  the  pneumatic  hammer,  the 
shanks  must  be  fitted  to  the  holder  in  the  hammer,  either  by 
turning  or  milling,  and  the  head  should  be  carefully  tempered 
to  prevent  its  being  upset  in  the  socket  of  the  machine.  The 
chisels  used  in  the  pneumatic  machine  should  be  longer  than 
those  used  by  hand. 

40.  The  flat  chisel  is  the  one  most  generally  used;  it  is 
made  in  the  forms  shown  in  Fig.  36  (a),  (6),  and  (c).  The  width 
of  the  cutting  edge  should,  if  possible,  be  proportioned  to 
the  hardness  of  the  metal  on  which  it  is  to  be  used,  a  narrow 
chisel  being  used  for  chipping  the  harder  metals.  If  one  width 
of  chisel  must  answer  for  brass,  cast  iron,  steel,  and  Babbitt, 
lighter  blows  should  be  struck  while  cuttii^  the  softer  metals, 
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or  the  metal  will  be  broken  rather  than  cut  ofE  by  the  chisel. 
A  chisel  about  1  inch  in  width  is  ordinarily  used  for  general 


41.    For  finishing  surfaces,  the  edge  of  the  flat  chisel  should 
be  ground  square,  as  shown  in  Fig.  36  (a),  the  best  angle  for 


f»>  (t) 


Q>  f*J 


w      (m 


ordinary  work  being  about  60",  as  shown  in  (6).  This  angle 
may,  however,  vary  between  about  50°  and  75°,  depending  on 
the  hardness  of  the  material  to  be  chipped,  the  blunter  angle 
being  used  for  the  harder  metals-  Chisels  ground  with  square 
comers,  as  illustrated  in  (a) ,  are  likely  to  have  the  comers  broken 
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when  used  for  heavy  work ;  but  this  can  be  sometimes  prevented 
by  grinding  the  chisel  slightly  rounding,  as  shown  in  (c). 

42.  The  cape  chlael,  which  is  shown  in  Fig.  36  (d)  and  (e), 
is  used  for  making  narrow  grooves,  and  is  manufactured  in 
widths  to  correspond  to  the  widths  of  the  grooves  to  be  cut; 
for  general  work  it  may  be  from  f  to  J  inch  wide.  This  chisel 
should  be  made  wider  at  the  cutting  edge  than  it  is  farther 
back,  to  provide  side  clearance.  The  chisel  will  then  work  eader 
and  will  net  break  out  the  edges  of  the  groove.  Where  a  large 
surface  is  to  be  finished  by  chipping,  it  is  customary  to  cut  a 
number  of  grooves  across  it  with  the  cape  chisel  and  then  use  a 
flat  chisel  to  remove  the  stock  left  between  the  grooves. 

43.  The  half-round  gouge,  shown  in  Fig.  36  (/)  and  (g). 
is  for  work  on  rounded  surfaces  or  fillets,  or  for  cutting  half- 
round  grooves. 

44.  Ilie  diamond -point  cblseli  shown  in  Fig.  36  {h) 
and  (i),  is  used  for  V-shaped  grooves  or  for  finishing  out  comers. 
It  is  lai^y  used  with  a  very  light  hammer  in  lettering  bottle 
molds,  for  which  use  it  is  made  of  J-inch  steel. 

45.  The  grooving  chisel,  Fig.  36  (/)  and  (k),  is  used  for 
chipping  oil  grooves  and  similar  work,  and  is  often  made  of 
extra  length  to  reach  through  long  hubs.  This  chisel  should 
be  made  wider  at  its  cutting  edge  than  it  is  farther  back,  as 
in  the  case  of  the  cape  chisel;  otherwise,  it  may  leave  a  biur  on 
the  edges  of  the  groove. 

46.  The  side  chisel,  shown  in  F^.  36  (/)  and  (m),  is  used 
for  finishing  the  sides  of  slots  and  similar  work.  The  chisel  is 
groimd  straight  on  the  side  next  to  the  Work,  if  it  is  to  be  used 
in  deep  holes;  for  shallow  holes  it  is  best  to  give  it  a  slight  angle, 
as  indicated  by  the  line  a  b,  (m),  and  to  allow  the  body  of  the 
chisel  to  stand  at  a  greater  angle  to  the  work  while  being  used. 

47.  Methods  of  Chipping. — Chipping  is  the  process  of 
removing  stock  by  means  of  the  hammer  and  chisel.  It  corre- 
S()onds  to  the  roughing  cut  in  machine  tool  work,  and  the 
fiUng  that  follows  it  takes  the  place  of  the  finishing  cut. 
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There  are  two  methods  of  chipping — the  hand  and  the 
ptwutnatic.  The  process  is  applied  both  to  the  roughest  and 
coarsest  work,  and  to  some  of  the  finest  work  that  comes  to  the 
machinist.  It  is  used  in  the  machine  shop,  foundry,  and 
smith  shop,  and  chisels  of  various  sorts  form  an  important  part 
of  the  outfit  of  the  erecting  gang. 

48.  Holding  Hanuner  and  Chisel . — For  ordinary 
chipping,  a  hammer  weighing  from  1  to  Ij  pounds,  and  a 


variety  of  chisels,  the  most  common  of  which  are  the  flat,  cape, 
gouge,  and  various  forms  of  side  and  grooving  chisels,  are  used. 
When  chipping,  the  hammer  k  held  in  the  right  hand,  as  shown 
in  Fig.  37,  and  is  grasped  by  the  thumb  and  second  and  third 
fingers,  the  first  and  fourth  fingers  being  closed  loosely  around  it. 
The  hammer  handle  may  thus  be  swung  more  steadily  and  more 
freely  without  tiring  the  hand  so  much  as  if  the  handle  were 
grasped  rigidly  by  all  four  fingers. 
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49.  The  chisel  should  be  grasped  in  the  left  hand  with  the 
head  close  to  the  thumb  and  first  finger,  and  held  firmly  with 
the  second  and  third  fingers;  the  little  finger  may  be  used  to 
guide  the  tool  as  may.be  required.  The  first  finger  and  the 
thumb  should  be  left  slack,  as  they  are  then  in  a  state  of  rest, 
with  the  muscles  relaxed,  and  are  less  liable  to  be  injured  if 
struck  with  the  hammer  than  if  they  were  closed  rigidly  about 
the  chisel.  The  point  of  the  chisel  is  held  on  the  work,  as  shown 
in  Fig.  37,  at  the  place  where  it  is  desired  to  take  the  cut,  and  at 
an  angle  that  will  cause  the  cutting  edge  to  follow  the  deared 
finished  surface.  After  each  blow  the  chisel  is  set  to  the  proper 
position  for  the  next  cut.  The  depth  of  the  cut  depends  on  the 
angle  at  which  the  chisel  is  held  to  the  work.    When  the  angle 


between  the  work  and  the  chisel  is  increased,  the  chisel  will  cut 
deeper  and  when  decreased  the  chisel  will  remove  less  metal 

50.     Chipping   Large   Flat   Surfaces. — ^Large   surfaces, 

whether  flat  or  curved,  are  sometimes  finished  by  chipping. 
The  piece  is  laid  out  as  shown  jn  Fig.  38,  the  lines  a  b,  a  c,  etc. 
outlining  the  edges  of  the  required  surface.  To  facilitate  the 
starting  of  the  chisel  and  to  prevent  the  breaking  off  of  the 
stock  as  the  chisel  leaves  the  work,  it  is  well  to  chamfer  the 
front  and  back  edges,  as  shown  at  a  6  and  c  d.  The  stock  above 
the  lines  ab,  cd,  etc.  is  removed  by  first  cutting  grooves  e  across 
the  surface,  leaving  the  ridges  /  between.  These  ridges  are 
subsequently  removed  with  a  flat  chisel.  In  the  illustration, 
the  left-hand  ridge  has  all  Ix^'n  removed  and  half  of  the  one 
next  to  it.  By  cutting  the  grooves  across  with  the  cape  chisel, 
the  work  of  the  fiat  chisel  is  much  reduced,  as  it  b  used  only  for 
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straight  cutting  with  no  tearing  or  lifting  of  the  metal  at  the 
comers.  The  width  of  the  ridges  /  is  determined  by  the  width 
of  the  flat  chisel  to  be  employed,  and  should  be  as  great  as  the 
character  of  the  material  being  cut  will  permit. 

51.  Chipping  Strip. — The  castings  for  many  kinds  of 
work  are  frequently  fitted  by  chipping  and  filing.  Work  of 
thk  class  has  what  is  called  a  chipping  strip   on  the  casting 


wherever  fitting  is  to  be  done.  This  strip  is  J  inch  or  more 
higher  than  the  body  of  the  casting,  and  wide  enough  to  make 
the  joint  or  fit.  Castings  to  be  fitted  by  this  process  are  put 
together  and  their  high  spots  noted,  chalked,  and  chipped  off. 
As  the  work  progresses  and  the  heavier  parts  arc  removed,  red 
marking  is  rubbed  on  the  work,  and  the  parts  are  tried  or 
rubbed  together.  The  coating  of  red  will  be  rubbed  off  on  the 
spots  that  come  in  contact  with  the  other  part,  thus  show- 
ing more  plainly  where  the  chipping  must  be  done.    When 
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the  parts  have  been  chipped  to  fit  approximately,  they  are 
finally  finished  by  filing. 

52,  Cblpping  Plston-Valve  Bushing. — Fig.  39  is  an 
illustration  of  a  class  of  work  which  is  frequently  finished  by 
chipping.  In  the  figure  a  represents  the  bushing  of  a  piston 
valve  in  which  two  series  of  ports  b  and  c  must  be  cut  out  (A 
the  solid  metal.  The  ports  are  laid  out  in  the  usual  way,  the 
outline  d  being  clearly  marked  on  the  surface.    The  bushing 


is  then  taken  to  the  drilling  machine  and  the  ports  are  drilled 
out,  just  enough  stock  being  left  outside  of  the  drill  holes  to 
insure  a  good  finish.  The  holes  may  be  drilled  so  close  together 
that  when  the  drilling  is  finished  the  block  of  metal  may  easily 
]x  removed  by  a  blow  with  the  hammer.  The  ridges  between 
the  drill  holes  are  chipped  away,  as  shown  in  the  illustration,  and 
the  sides  of  the  ports  are  finally  finished  to  the  lines  by  filing. 

53.    Chipping  Keywnys. — The  keyway  is  first  laid  out 
as  shown  by  the  lines  a  b,  c  d,  e  f,  Fig.  40  (a).     The  lines  are 
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sometimes  marked  with  a  prick  punch,  as  shown.  The  side 
lines  a  b  and  c  d  of  the  keyway  should  be  marked  with  a  deep 
chisel  cut,  as  shown  at  a  and  d  in  the  end  view,  to  prevent  the 
material  from  tearing  out  along  the  sides  of  the  keyway  during 
the  first  cut  with  the  chisel.  This  cut  is  best  if  made  with  a 
side  chisel  g,  in  (6),  that  is  ground  and  held  as  shown  in  the 
figure.  An  ordinary  flat  chisel  may  be  used  for  this  work,  if 
ground  to  a  rather  sharp  angle  and  held  so  as  to  bring  one  of 
its  cutting  sides  square  with  the  side  line  d. 

54.  A  cape  chisel  of  proper  width  is  used  to  remove  the 
stock,  several  light  cuts  being  driven  through  the  keyway  as 
indicated  by  the  dotted  lines  in  Fig.  40  (a).  The  keyway, 
if  long  or  at  the  end  of  the  shaft,  may  be  finished  by  filing; 


but  when  it  is  in  the  middle  of  the  shaft  the  finishing  must  be 
done  with  chisels. 

When  it  is  considered  easier  to  drill  out  the  stock  before 
chipping,  a  line  of  holes  like  that  marked  h  is  laid  out  and  drilled 
to  the  right  depth,  the  bottoms  squared  with  a  square-end  drill, 
and  the  remaining  stock  chipped  to  the  lines.  This  method  is 
especially  applicable  to  large  keyways. 

55.  Keyways  in  puUeys  and  gears  are  often  chipped  in. 
They  are  first  laid  out  on  both  ends  of  the  hub  and  lines  drawn 
through  the  bore.  If  the  keyway  is  a  narrow  one.  a  chisel  of 
corresponding  width  is  used,  and  the  cut  driven  from  each  end; 
but  if  it  is  wide  two  or  more  narrow  parallel  grooves  are  chipped 
through  and  the  stock  between  is  removed  with  a  flat  chisel. 

56.  Pnounintic  Chipping  Ilanimor.— Tlie  pneumatic 
chipping  hammer,  illustrated  in  Fig.  41,  is  sometimes  used  for 
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chipping,  and  has  some  advantages  over  the  hand  method.  It 
is  supplied  with  air  at  a  pressure  of  about  80  pounds  per  square 
inch,  through  a  small  hose  connected  to  the  hammer  at  a.  The 
operator  holds  the  chisel  b,  which  has  a  hexagonal  shank  fitting  a 
similarly  shaped  socket  in  the  device,  in  his  left  hand,  as  in 
ordinary  chipping,  and  the  device  by  the  handle  c  in  his  right 
hand,  with  the  thumb  on  the  trigger  e.  Heavy  or  light  blows 
may  be  struck,  as  the  operator  desires,  by  regulating  the  pressure 
of  the  thiunb  upon  the  trigger.  The  whole  is  held  firmly  in 
position  against  the  work,  and  light  pressure  applied  to  the 
trigger  to  start  the  chisel  into  the  metal.  As  soon  as  the  cut 
is  started,  more  air  may  be  admitted  to  the  tool,  making  it 
strike  harder  and  faster.  The  blows  struck  by  this  hammer  are 
so  rapid  that  the  chisel  has  almost  a  continuous  cutting  motion. 
Pneumatic  hammers  of  this  type  are  tised  for  many  purposes; 
some  of  them  have  roimd  instead  of  hexagonal  bushings  for 
holding  the  chisel.  The  chisels  are  not  gripped  in  the  device. 
For  this  reason  the  round-shanked  chisel  must  be  guided  by 
the  left  hand.  The  chisel  with  the  hexagonal  shank  is  easily 
directed  by  the  handle  c. 

PILINU 

67,  Use  of  riles. — In  finishing  machine  parts,  there 
are  many  cases  where  a  smaller  reduction  in  size  or  a  more 
perfect  surface  is  required  than  can  be  obtained  by  the  use 
of  machine  tools  or  by  chipping.  For  both  of  these  purposes 
great  accuracy  can  be  obtained  by  the  careful  and  skilftil  use 
of  files.  In  order  to  smooth  a  rough  surface,  files  of  various 
degrees  of  fineness  are  employed,  a  coarse  one  first,  followed 
successively  by  finer  grades,  the  piece  being  finished  with  the 
finest.  A  file  is  made  of  a  piece  of  steel  of  the  desired  shape 
and  size,  and  has  a  series  of  grooves  cut  across  its  face.  When 
a  file  is  passed  over  the  surface  of  a  body  of  metal  or  other 
material,  the  teeth  formed  by  the  grooves  act  on  it  as  a  scries  of 
small  chisels  or  cutters,  each  removing  a  tiny  chip.  By  pass- 
ing the  file  across  the  surface  successively,  the  high  parts  are 
removed.  Each  file,  however,  leaves  its  own  marks,  and  these 
are  removed,  if  desired,  by  means  of  the  finer  grades  of  files. 
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58.  Chfttterlng  When  Filing. — ^Files  were  first  cut  with 
regularly  spaced  teeth;  but  this  method  was  found  objectionable, 
because,  in  filing,  the  teeth  follow  each  other  at  regular  intervals 
and  drop  into  the  cuts  made  by  the  preceding  ones,  causing 
chattering.  Hand-cut  files  are  more  satisfactory,  as  the 
slight  irregularity  in  the  spacing  prevents  chattering.  This 
difficulty  m  machine-cut  files,  was  overcome  by  gradually 
increasing  the  spaces  between  the  teeth  from  the  end  of  the 
file  to  the  middle,  and  again  decreasing  as  the  other  end  is 
approached.  In  this  way,  enough  variation  is  produced  to 
prevent  the  chattering,  without  causing  enough  change  from  the 
true  spacing  to  affect  the  working  conditions.  By  this  method 
of  cutting,  called  the  increment  cut,  the  two  ends  of  the  file  are 
of  the  same  coarseness,  while  the  middle  is  somewhat  coarser. 

Files  are  also  cut  with  the  gradations  of  spacing  running 
from  end  to  end,  the  spacing  being  finer  at  the  point  and  increas- 
ing gradually  to  the  shoulder,  thus  accomplishing  practically 
the  same  result  as  in  the  style  just  mentioned.  This  is  also 
known  as  an  increment  cut, 

59.  Chattering  is  also  prevented  by  cutting  the  teeth 
slightly  out  of  parallel.  By  changing  the  direction  of  the  deflec- 
tion several  times  in  the  length  of  the  file,  enough  variation 
may  be  obtained  to  avoid  chattering.  Files  cut  in  this  way  are 
largely  used  at  the  present  time.  By  varying  the  angle  of  the 
motion  of  the  file  gradually  during  the  forward  stroke,  when 
there  is  a  tendency  to  chatter,  the  regiilarly  spaced  file  will  work 
smoothly  and  well ;  hence,  this  style  of  file  is  still  in  use. 

60.  Forms  of  File  Teeth.— The  teeth  of  files  are  not 
generally  cut  at  right  angles  to  the  sides  of  the  file,  but  either 
at  an  angle  or  in  a  ciu^e.  The  angle  or  curve  varies  for  different 
materials.  Most  files  used  in  machine  shops  are  cut  in  one  of 
three  different  ways,  and  are  known  as  the  single-cut,  double-cut 
and  circular-cut  files.  In  Fig.  42  (a)  is  shown  a  single-cut,  in 
{b)  a  double-cut,  and  in  (c)  a  circular-cut  file. 

61.  8ingle>ciit  files  are  cut  with  a  single  series  of  teeth 
running  continuously  from  one  end  of  the  file  to  the  other,  as 
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illustrated  in  Fig.  42  (o).  They  are  lased  almost  entirely  for 
filing  in  lathes,  and  for  filing  the  softer  materials,  such  as  lead, 
wood,  horn,  etc. 

62.  By  making  another  cut,  at  an  angle  to  the  first,  or 
over  cut,  a  file  is  produced  as  shown  in  Fig.  42  (b),  and  is  called  a 
double-cut  file.  The  second,  or  up  cut,  is  generally  cut  a 
little  finer  and  not  as  deeply  as  the  over  cut.  The  angles  that 
the  two  cuts  make  with  the  axis  of  the  file  ^-ary  for  different 
uses,  the  over  cut  ranging  from  35"  to  55°,  and  the  up  cut 
from  75"  to  85".     The  up  cut  has  the  effe.'t  of  dividing  the 


small  cutting  edges  produced  by  the  over  cut  into  a  large 
number  of  small  pointed  teeth.  Files  thus  made  in  various 
grades  of  coarseness  give  excellent  results. 

63.  The  shape  and  depth  of  the  teeth  of  the  circula*-cut 
rile  resemble  in  section  those  of  a  milling  cutter.  The  teeth 
of  these  files  have  an  included  angle  of  60°,  a  front  rake  of  1^", 
and  a  radius  of  Ij  to  1^  inches.  They  are  not  increment-cut, 
as  are  the  single-  and  double-cut  files;  consequently,  when  filing 
the  angle  at  which  the  file  is  held  to  the  work  must  be  varied 
slightly  throughout  the  stroke.  A  rather  lai^e  chip  is  removed 
with  light  pressure,  and  the  form  of  the  tooth  permits  the  chip 
to  free  itself.  These  files  are  used  principally  when  consider- 
able metal  is  to  be  removed,  and  also  for  lathe  and  finishing 
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filing.     On  account  of  the  lai^e  teeth  used  in  this  type  of  file, 
they  are  readily  sharpened  by  grinding,  as  explained  later. 

64.  Grading  of  Files. — Table  I  gives  the  classification  of 
ordinary  American  files  as  to  grading  and  their  equivalent  in 
circular-cut,  English,  and  Swiss  files. 

The  coarse  and  bastard  cuts  are  used  almost  entirely  on 
the  coarser  grades  of  work,  and  the  second  cut  and  smooth 
are  employed  in  finishing  and  for  the  finer  classes  of  work.  The 
rough  and  dead  smooth  are  rarely  used  in  the  machine  shop, 
although  occasionally  a  rough  single-cut  file  may  be  required 
for  work  in  lead  or  other  soft  material.  The  dead-smooth 
double-cut  file  is  occaMonally  used  on  extremely  fine  work.    The 

TABLE  I 

ORADINO    OF    FIUS 


Ordinuy  Amtric.n 

CircuLir  Cut 

Englid. 

SwiH 

Rough 

Rough 

Coarse 

Middle 

BasUrd 

Regular 

Bastard 

00 

Second  cut 

Fine 

Second  cut 

I 

Smooth 

Smooth 

Smooth 

Dead  smooth 

Dead  smooth 

Superfine 

3 

coarseness  of  the  cut  for  each  grade  varies  with  the  size  of 
file,  the  cut  being  coarser  on  the  larger  files.  Fig.  43  illus- 
trates the  comparative  coarseness  of  4-inch  and  16-inch 
files,  (o),  (b),  (c),  and  {d)  showing  the  single-cut,  rough,  coarse, 
bastard,  and  second-cut  files;  (e),  (f),  (g),  and  (h)  the  double- 
cut,  coarse,  bastard,  second-cut,  and  smooth  files;  and  (t),  (j), 
(fe),  and  (/)  the  circular-cut,  regular-fine,  smooth,  and  dead- 
smooth  files. 

65.  Sizes  of  Files. — The  size  of  a  file  is  generally  indi- 
cated by  giving  the  length  in  inches  of  the  cut  part,  the  tang 
not  being  included.  Thus,  a  10-inch  bastard  flat  file  means 
a  bastard  flat  file  10  inches  long  from  the  point  of  the  file  to 
the  tang. 


^dbyGooglc 


36  BENCH,  VISE.  AND  FLOOR  WORK  §  23 

66.     Shapes  of  Files. — Files  are  divided  into  three  general 
classes  with  regard  to  their  cross-sections,  as  quadrangular,  drcu- 


lar,  and  triangular.     These  classes  of  files  are  further  sub-di\'ided 
into  blunt,  equaling,  taper,  hand,  and  safe-edge,  or  side,  files. 
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67.  A  blunt  file,  Fig.  44  (a)  has  straight  sides  and  the 
same  width  and  thickness  throughout.  An  equaling  file 
is  a  blunt  file  whose  edges  have  an  exceedingly  slight  curvature, 
extending  from  point  to  the  tang.  A  taper  file  is  one  whose 
sides  are  tapered,  as  shown  in  (6) .  The  same  name  is  also  given 
to  the  three-cornered  or  triangular,  hand-«aw  file.  A  hand  file 
is  one  having  its  sides  parallel  and  its  thickness  from  point  to 
tang  tapering.  A  safe-edge,  or  side,  file,  has  one  or  more 
of  its  edges  or  sides  smooth  or  imcut,  that  it  may  not  injure  that 
portion  of  the  work  which  does  not  need  to  be  filed. 

68.  Table  II  gives  the  characteristics  and  uses  of  the  files 
commonly  used  in  the  machine  shop.     The  degree  of  coarseness 


of  cut  given  is  that  of  the  ordinary  American  file.  The  equiva- 
lent in  grade  of  other  types  of  files  can  be  found  by  referring 
to  Table  I. 

69.  Purpose  of  Filing. — In  machine  construction  many 
parts  must  be  finished  by  hand.  The  part  may  have  been  fin- 
ished as  far  as  possible  in  a  machine  tool,  but  the  surface  could 
not  be  made  sufficiently  smooth;  or  it  may  be  so  located,  or 
of  such  a  character,  that  a  machine  tool  cannot  be  used,  and 
the  entire  work  must  be  done  by  hand.  In  the  latter  case, 
the  excess  of  metal  may  be  removed  with  a  cold  chisel,  and  the 
work  then  finished  by  filing. 

70.  The  operation  of  filing  is  one  of  the  most  difficult  of 
machine-shop  operations,  and  the  quality  of  the  work  produced 
depends  almost  entirely  on  the  skill  of  the  workman.     In  most 
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machine-shop  operations,  the  tool  is  guided  by  the  machine, 
as  in  a  planer,  shaper,  or  milling  machine.  In  hand  filing,  the 
accuracy  of  the  work  depends  on  the  motion  of  the  hands, 
with  no  means  of  guiding  the  tool. 

71.  Convexity  of  Face. — A  convex  file  surface  will  pro- 
duce the  best  results.  The  pressure  of  the  hands  on  the  two 
ends  of  the  file  tends  to  spring  the  file  and  make  the  lower  face 
concave;  also,  when  files  are  being  hardened,  they  have  a  ten- 
dency to  spring,  thus  making  it  impossible  to  produce  files  that 
have  perfectly  straight  surfaces. 

In  filing  wide  surfaces,  a  perfectly  straight  file  would  require 
a  very  heavy  pressure  to  make  it  take  a  cut;  while  the  same  file 
on  a  narrow  surfatire  woiild  cut  imder  a  very  light  pressure.  In 
the  latter  case,  the  pressure  is  concentrated  on  a  few  teeth; 
while  in  the  former  it  is  distributed  over  a  lai^e  number,  and 
consequently  to  secure  enough  pressure  on  each  tooth  to  make 
it  cut,  a  very  heavy  pressure  is  necessary.  A  light  pressure 
with  a  small  number  of  teeth  in  contact  will  produce  the  best 
results.  By  making  the  files  convex,  only  a  few  teeth  will  be 
in  contact  at  one  time,  however  wide  the  surface  may  be.  The 
faces  of  files  are,  therefore,  made  convex  for, three  reasons: 
to  overcome  the  effect  of  spring  due  to  the  pressure  of  the  hands, 
to  overcome  the  spring  caused  by  hardening,  and  to  make  the 
file  cut  on  any  width  of  surface. 

72.  Fitting  Wooden  Handles. — File  handles  are  made 
of  wood  with  a  ferrule  on  the  end,  and  having  a  hole  to  receive 
the  tang  of  the  file.  As  the  sizes  of  the  tangs  vary  for  the 
different  forms  and  sizes  of  files,  the  hole  must  be  small  enough 
to  receive  the  smallest  file  for  which  it  is  intended.  If  the 
handle  is  made  of  a  soft  wood,  the  larger  tangs  may  be  driven 
in  without  splitting  it;  but  when  made  of  hard  wood,  the  hole 
may  be  burned  to  about  the  right  size  by  using  the  heated 
tang  of  a  worn-out  file  of  the  same  size  as  the  one  being  fitted. 
If  no  old  file  is  available,  the  tang  of  the  new  file  may  be 
heated.  A  piece  of  wet  waste  should  be  wrapped  about  the 
file  up  to  the  tang,  to  prevent  its  temper  from  beit^  drawn. 
The  handle  should  be  driven  well  up  to  the  heel  of  the  file. 
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73.  Special  File  Handles. — In  filing  broad  surfaces, 
as  the  tops  of  lathe  beds,  and  in  finishing  long  slots,  the  ordinary 
wooden  handle  cannot  be  used.     Fig.  45  shows  a  good  form  of 


handle.  The  end  a  is  formed  with  a  dovetailed  slot  tJiett  slips 
over  the  tang,  while  the  point  b  rests  upon  the  back  of  the  file. 
The  slot  should  be  made  to  fit  about  the  middle  of  the  tang  of  a 
12-inch  file.  The  foot  a  should  be  about  1}  inches  long  and  the 
handle  about  |  inch  in  diamter. 

74.  Another  handle  that  has  some  advantage  over  the  one 
just  described  is  shown  in  Fig.  46,  A  foot  a  rests  upon  the  file 
and  has  a  dovetailed  slot  that  catches  over  the  tang.  A  rod  b 
has  a  lug  c  on  its  front  end  that  catches  over  the  point  of  the  file. 
The  handle  d  contains  a  nut  that  screws  on  the  end  of  the  rod  6, 
and  by  means  of  which  the  file  is  held  firmly  between  the  catch  c 
and  the  foot  a.  A  column  e  at  about  the  middle  <jf  the  file 
makes  the  handle  more  rigid,  and  prevents  the  file  from  spring- 
ing up  in  the  middle  when  pressure  is  put  upon  it.  A  projec- 
tion on  the  front  end  of  the  rod  furnishes  a  convenient  thumb 
rest. 

75.  Holding  Files. — The  right  way  to  hold  a  file  is  learned 
as  easily  as  a  wrong  one;  but  having  once  become  accustconed  to 


the  wrong,  it  is  very  hard  to  change  to  the  right.  There  is  some 
difference  of  opinion  as  to  the  correct  way,  but  the  following  is 
considered  good  practice: 
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In  movii^  the  file  endwise  across  the  work,  commonly 
called  cross-filing,  it  is  generally  held  as  shown  in  Fig.  47  (a) 
and  (6);  for  lighter  work,  and  in  finiehing  cuts,  the  former 


(*) 

VlG.iT 

illustration  shows  the  relation  of  the  hands  to  the  file  at  the 
beginning  of  the  stroke,  and  the  latter  at  the  end  of  the  stroke. 
The  point  of  the  file  is  held  between  the  thumb  and  the  first 
finger,  as  shown  in  the  two  views,  while  the  handle  is  held  by 


resting  the  thumb  upon  it,  as  shown  in  these  illustrations  and 
in  Fig.  48,  and  letting  the  end  stand  f^ainst  the  pahn  of  the 
hand,  the  fingers  gripping  it  lightly.     When  the  work  is  heavy 


^dbyGoOgle 


42  BENCH.  VISE.  AND  FLOOR  WORK  §23 

and  a  large  file  is  used,  the  ball  of  the  left  hand  is  placed  on  the 
point  of  the  file,  while  the  handle  may  be  gripped  as  shown  in 
Fig.  4S.  In  the  latter  case  the  handle  is  gripped  a  little  farther 
forwards  than  in  the  case  of  light  work. 

76.  When  the  file  is  very  thin,  there  is  great  danger  of 
springing  it  so  as  to  round  the  comers  of  the  work.  By  hold- 
ing it  as  shown  in  Fig.  49.  a  downward  pressure  is  put  upon  both 
thumbs  and  an  upward  pressure  upon  the  fingers  of  both  hands. 


Pic.  4B 
This  pressure  is  just  sufficient  to  overcome  the  tendency  of  the 
ends  to  spring  downwards.  By  malting  the  pressure  great 
enough  to  spring  the  file  downwards  considerably  in  the  center, 
a  concave  svu^ace  may  be  formed  in  the  work.  It  is  very 
difficult,  however,  to  hold  a  file  in  this  way  longer  than  a  few 
minutes,  and  it  is  better  to  use  a  heavier  file  that  has  consider- 
able convexity  and  stiffness,  whenever  that  is  possible.  On 
very  light  files  spherical  handles  are  often  used. 

77.    For  internal  work,  when  the  hole  is  long,  and  it  is 
impossible  to  hold  the  file  at  the  point,  a  very  great  stress  c 
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on  the  wrist  of  the  right  hand,  which  soon  becomes  tired. 
This  stress  may  be  relieved  by  placing  the  left  hand  over  the 
r^ht,  as  shown  in  Fig.  50.    When  the  work  is  thin,  so  that  the 


file  will  reach  through  the  work  far  enough  to  take  hold  of  the 
point,  the  ordinary  method  of  holding  it  for  outside  work  is 
generally  used.  In  draw-filing,  the  file  is  grasped  at  each  side 
of  the  work,  as  shown  in  Fig.  51. 

78.  Cross-Filing.— One  of  the 
most  difficult,  though  most  common, 
forms  of  filing  is  cross-filing.  In 
moving  the  file  back  and  forth,  the 
hands  tend  to  swing  in  arcs  of  circles 
about  the  joints  of  the  arms,  while  the 
body  sways  more  or  less,  depending  on 
the  work.  To  overcome  these  tenden- 
cies so  as  to  move  the  file  in  straight 
lines  requires  a  great  deal  of  practice 
and  careful  observation  of  the  results 
of  certain  movements.  Filing  on  nar- 
row work  is  especially  difficult.  The 
work  becomes  a  fulcrum  on  which  the 
file  rests  at  different  points  along  its 
course,  and  if  an  equal  pressure  is  jiut  ^'°'  ^^ 

on  each  end,  it  will  tilt  first  one  way,  then  another,  depending 
on  the  point  of  contact  and  the  leverage.  For  instance,  in 
Fig.  52,  when  the  file  is  in  ixjsition  a,  there  is  a  tendency  for 
the  handle  to  tilt  downwards  from  the  fulcrum  b;  when  in  the 
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position  c,  represented  by  the  dotted  lines,  the  point  tilts  down- 
wards about  the  fulcrum  d.  As  the  file  nuis  forwards,  there  is 
therefore  a  tendency  to  file  oflE  the  comers  more  than  the  mid- 
dle of  the  piece  and  to  produce  a  convex  surface.  On  wide 
work  this  tendency  is  lessened.  By  persistent  care  to  have  the 
file  rest  evenly  on  the  work,  this  difficulty  may  be  entirely 


79.  Filing  Broad  Surfaces'. — ^There  is  little  danger  of 
roimding  the  comers  in  filing  broad  surfaces,  but  other  difficulties 
present  themselves.  Files  for  this  class  of  work  have  convex 
faces,  and  only  a  few  teeth  cut  at  a  time.  The  strokes  must 
then  be  so  gauged  that  an  equal  cut  is  carried  across  the  entire 
piece.  If  numerous  short  strokes  arc  made  they  are  liable 
to  overlap  each  other  at  some  places  and  not  meet  at  others,  and 

to  wear  out  the  files  at 
the  middle  while  the  ends 
are  still  good.  Uniform 
strokes  of  as  great  a 
length  as  possible  should 
be  made. 

pjj.  When  high  spots  are 

to  be  removed,  the  file 
must  be  so  held  that  the  teeth  over  these  spots  are  in  contact 
with  the  work.  By  commencing  the  stroke  with  the  teeth 
near  the  point  in  contact,  and  lowering  the  handle  gradually 
to  compensate  for  the  convexity,  the  effective  work  of  the 
whole  stroke  may  be  concentrated  on  a  small  area.  On  the 
other  hand,  care  must  be  taken  that  this  is  not  done  when  the 
metal  is  to  be  removed  evenly  from  a  broad  surface,  or  a  con- 
cave or  irregular  surface  will  be  the  result.  The  file  should 
move  perfectly  parallel  to  the  work,  or  be  gradually  tilted  so  as 
to  increase  the  length  of  the  cut. 

80.  Diagonal  Filing. — Small  grooves  are  left  on  the  work 
at  each  stroke  in  filing,  and  when  the  strokes  are  all  made  in 
the  same  direction  these  grooves  become  deeper;  this  increases 
the  work  to  be  done,  because  these  marks  must  be  removed 
by  means  of  finer  files.     By  changing  the  angle  of  the  direction 


^dbyGoOgle 


§23 


BENCH,  VISE,  AND  FLOOR  WORK 


45 


of  the  stroke  with  the  work,  at  short  intervals,' this  difficulty 
may  be  avoided,  llie  file  will  also  cut  more  freely,  as  the 
grooves  run  at  an  angle  to  the  cut  and  the  particles  are  separated 
more  ea^y.  The  work- 
man can  see  where  the 
file  is  cutting  and  gauge 
the  stroke  so  that  the  ^ 
desired  part  of  the  sur-  - 
face  will   be  removed.  •'"=■  ** 

Changing  the  course  of  the  file  as  described  above  is  often 
called  diagonal  filing.  The  angle  that  the  strokes  should  make 
with  each  other  depends  on  the  work.  Practice  alone  will 
enable  one  to  determine  what  this  angle  should  be. 

81.  Pressure  on  Pile. — In  all  kinds  of  filing  there  should 
be  just  enough  pressure  put  on  the  file  during  the  forward 
stroke  to  make  it  cut  freely ;  but  no  pressure  should  be  put  on  it 
during  the  return  stroke.  The  teeth  of  a  file  are  formed 
approximately  as  shown  enlarged  in  Fig.  53.  When  pressure 
is  put  on  the  file  and  it  is  moved  in  the  direction  of  the  arrow  a, 
the  cutting  edges  are  well  supported  and  the  angle  of  the  cutting 
face  and  the  clearance  produce  very  good  cutting  conditions. 
When  moving  in  the  direction  of  the  arrow  b,  which  corresponds 
to  the  return  stroke,  these  conditions  are  reversed.  The  angles 
are  such  that  the  teeth  will  simply  drag  over  the  work,  without 
cutting,  while  the  edges  arc  poorly  supported  and  any  pressure 
put  on  the  file  will  cause  the  teeth  to 
break  or  wear  away  very  rapidly  with- 
out doing  any  work. 

82.  Filing  Curves.— In  filing  cir- 
cular holes,  a  roimd  file  that  is  as  nearly 
the  size  of  the  hole  as  it  is  possible  to 
obtain  should  be  used.  A  small  file  will 
tend  to  produce  the  ridges  shown  in 
Fig.  54;  with  a  larger  file  that  conforms 
more  nearly  to  the  curvature  of  the  hole,  this  tendency  is 
greatly  reduced.  When  the  filing  is  to  be  done  on  an  internally 
curved  surface  of   a  large   radius,  as   shown   in   Fig.    55,  a 
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half-round  file  is  used.  As  in  the  case  of  the  circular  hole,  there 
is  a  tendency  to  file  unevenly,  and  a  file  of  as  large  a  curvature 
as  is  obtainable  should  be  employed.  The  file  should  be  moved 
along  the  circumference  of  the  curve  as  well  as  across  the  work, 
which  gives  it  a  diagonal  motion,  and  in  addition  to  the'advan- 
tages  of  diagonal  filing  on  flat  surfaces,  prevents  the  formation 
of  ridges. 

83.  Filing  Into  Comers. — ^When  forming  a  sharp  comer, 
or  filing  up  to  a  finished  surface  that  stands  at  right  angles  to 
the  one  on  which  the  filing  is  done,  a  safe-edge  file  is  used, 
thereby  preventing  any  injury  to  the  finished  part.  When  the 
comer  is  to  be  extremely  sharp,  a  half-round  file  may  -be 
employed,  or  a  flat  file  may  be  groiind  off  on  one  side  to  form 
a  safe  edge.  Either  the  half-round  or  a  flat  file  ground  in  this 
way  has  a  sharp  edge  that  will  permit  a  sharp  angle  to  be 

■,— ^   formed.     Some  forms 
of  triangular  files  will 
njt  also  make  a  sharp  cor- 
r.    The  other  files 
:  used  in  ordinary  work 
e  so  cut  that  the  cor- 
ners are  either  rough 
or  slightly  rounded  and  will  not  mal^  a  dean,  sharp  angle. 
When  the  comers  are  to  be  rounded,  a  round-edge  file  will  give 
good  results. 

84.  Draw-Filing. — When  the  filing  is  done  by  moving 
the  file  sidewise  ove.-  the  work,  it  is  called  drcau-fiiing.  Fig.  51 
illustrates  how  the  file  is  held,  the  motion  being  at  right  angles 
to  its  length.  Draw-filing  is  used  very  generally  in  finishing 
turned  work,  where  it  is  desired  to  remove  the  circular  tool 
marks  and  lay  the  marks  endwise.  The  file  must  be  held  so 
that  the  teeth  will  cut  as  it  moves  away  from  the  body  and  the 
pressure  will  be  relieved  on  the  return  stroke,  asin  cross-filing. 

Very  smooth  work  may  be  done  by  draw-filing.  The  cut 
is  not  so  deep  as  in  cross-filing,  the  teeth  standing  at  such  an 
anfjle  to  the  direction  of  motion  that  a  light  shesu-ing  rather  than 
a  cutting  cfi"ect  is  produced.     A  second-cut  or  smooth  file  is  best 
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suited  for  draw-filing.  On  convex  surfaces  a  flat  fik;  or  the  flat 
side  of  a  half-round  file  may  be  used;  but  in  concave  work  a 
round  file  or  half-round  file  will  give  the  best  results.  When  a 
large  amount  of  metal  is  to  be  removed  it  should  be  done  by 
cross-filing,  as  the  cut  in  draw-filing  is  so  light  that  a  very  great 
amount  of  time  would  be  required  to  remove  it  by  this  method, 

85.  Finishing  Filed  Work.— When  a  better  finish  is 
required  than  can  be  produced  by  draw-filing,  the  surface 
may  be  rubbed  with  fine  or  worn  emery  cloth  and  oil,  the 
cloth  being  wrapped  about  a  file  or  a  piece  of  wood,  which 
is  used  as  in  draw-filing. 

86.  Position  of  Body. — No  attempt  should  be  made  to 
keep  the  body  rigidly  in  one  position  while  filing,  especially  on 
heavy  work.  A  free,  easy  motion  of  the  body,  in  the  direction 
in  which  the  file  is  moving,  permits  a  greater  force  to  be  exerted 
without  undue  strain.  In  filing  right-handed,  the  workman 
stands  with  his  left  foot  toward  the  work,  and  as  the  file  is 
moved  forwards,  a  slight  bending  of  the  left  knee  will  tend  to 
throw  the  body  against  and  upon  the  file,  thus  assisting  in  mak- 
ing the  cut.  During  the  return  stroke  the  knee  is  again  straight- 
ened as  the  body  returns.  A  little  practice  will  show  the  extent 
to  which  this  motion  of  the  body  can  be  made  to  assist  in  the 
work. 

87.  Height  of  Work.— The  height  of  the  work  lat^ely 
depends  on  the  class  of  filing  to  be  done.  Ordinarily,  the  sur- 
face to  be  filed  should  be  about  as  high  as  the  elbow  of  the  work- 
man. Extremely  heavy  work  shotUd  be  set  somewhat  lower, 
in  order  that  a  greater  pressure  may  be  put  upon  it.  If  the 
vise  or  supporting  device  is  too  high,  a  foot-board  or  low  bench 
may  be  used  to  stand  upon.  The  feet  of  the  bench  should  be 
set  flush  with  the  ends  of  the  foot-board  in  order  to  prevent  ■ 
tipping  when  stepping  on  the  ends. 

88.  Effect  of  on.— The  effect  of  oil  on  filing  varies 
greatly  with  different  metals  and  different  classes  of  work. 
In  finishing  broad,  smooth  surfaces  of  cast  iron,  the  presence 
of  oil  prevents  the  file  from  cutting,  and  causes  it  to  slip  over 
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the  surface,  thus  wearing  off  the  sharp  points  of  the  teeth. 
On  cast  iron  generally,  and  especially  on  the  class  of  work 
mentioned  above,  oil  should  never  be  used.  On  the  other 
hand,  it  may  be  advantageously  employed  when  filing  wrought 
iron  and  steel,  and  hard  fibrous  materials,  especially  in  finish- 
ing surfaces,  when  the  file  is  new  and  sharp.  Oil  prevents  the 
file  from  scratching  and  cutting  too  deeply.  Sometimes  the  teeth 
are  filled  with  chalk,  either  dry  or  mixed  with  oil;  this  helps  to 
prevent  the  filings  from  dogging  between  the  teeth.  New  files 
are  usually  sent  from  the  factory  covered  with  oil,  to  prevent 
their  rusting.  For  work  in  which  oil  is  objectionable  this  must 
be  removed,  which  is  sometimes  done  by  first  rubbing  off  the 
surplus  oil,  then  coating  the  file  with  chalk  and  brushing  it  off 
carefully. 

89.  Selection  and  Car«  of  Piles.— The  life  of  a  file 
may  be  prolonged  by  exercising  care  in  selecting  a  suitable  one 
for  each  piece  of  work,  and  in  using  it  properly.  A  new  file 
should  never  be  used  on  rough  cast  iron  from  which  the  sand 
and  scale  have  not  been  removed,  nor  on  narrow  surfaces.  Both 
these  conditions  tend  to  break  and  dull  the  teeth.  A  worn 
file  will  do  excellent  service  in  both  these  cases.  On  narrow 
work,  a  worn  file  will  give  better  results  than  a  new  one,  the 
teeth  on  a  new  file  being  so  sharp  that  the  few  teeth  in  contact 
will  enter  so  deeply  that  they  are  liable  to.  be  injured  and  to 
scratch  the  work.  A  new  file  should  be  first  used  on  brass  or 
wide,  smooth,  cast-iron  surfaces. 

The  files  most  commonly  used  in  the  machine  shop  are  the 
12-inch  and  14-inch  flat  and  half-round,  double-cut  bastard, 
and  the  12-inch  and  14-inch  mill  bastard.  The  other  files 
mentioned  are,  of  course,  needed  very  frequently  for  finish- 
ing, or  for  special  operations,  and  should  be  kept  in  stock. 

90.  Pinning  of  Piles. — ^The  tendency  to  pin  is  one  of  the 
most  serious  troubles  to  be  met  in  filing.  Pinning  is  the 
clogging  of  the  cuttings  in  the  file  teeth,  forming  hard,  sharp 
pins  that  scratch  the  work.  It  occurs  niore  readily  in  some 
materials  than  in  others.  As  soon  as  the  slightest  indication 
of  pinning  is  observed,  great  care  should  be  taken  to  keep  the 
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teeth  cleaned.  Sometimes  this  may  be  done  by  rapping  the 
file  i^ainst  a  wooden  block  or  the  work  bench,  or  by  rubbing 
the  hand  over  it.  A  wire  brush,  called  a  file  card,  shown  in 
Fig.  56,  is  used  in  most  cases.  Vigorous  brushing  in  the  direc- 
tion of  the  teeth  usually  removes  the  pins,  but  in  cases  where  the 
brush  will  not  remove  them,  a  piece  of  soft  sheet  brass,  or 
copper  or  iron  wire  flattened  out  at  one  end,  may  be  used. 
The  end  is  pressed  crosswise  upon  the  teeth  and  moved  in  the 
direction  of  the  length  of  the  teeth.  Little  grooves  will  be 
cut  in  the  soft  metal,  forming  small  teeth  that  clean  the  file  , 
thoroughly. 

91.  Care  of  Files. — In  too  many  cases,  tools  (A  all  kinds 
are  thrown  into  a  box  or  cupboard  promiscuously,  resulting 
in  injury  to  the  files  and  all  other  cutting  edges,  to  say  nothing 
of  the  slovenly  appearance  of  the  place  and  the  time  wasted  in 
searching  for  anything  that  is  wanted.  A  tool  box  or  cupboard 
should  always  be 
kept  in  order. 
There  should  be  "a  ■ 
place  for  every- 
thing and  every-  "■■■-■  ^w 

thing  in  its  place,"  when  not  in  use.  Files  should  never  be 
thrown  upon  one  another,  or  upon  other  tools  or  hard  sub- 
stances. They  should  be  laid  either  on  shelves  or  in  a  drawer 
that  is  provided  with  small  divisions,  to  prevent  their  rubbing 
against  each  other.  They  should  always  be  carefully  cleaned 
belore  they  are  put  away,  and  kept  in  good  condition  so  as  to 
be  ready  for  use  when  they  are  required. 

92.  Filing  Jigs. — In  the  making  of  duplicate  parts,  filing 
jigs  are  generally  used,  and  also  in  a  great  variety  of  operations 
where  it  is  necessary  to  produce  accurate  work  by  filing,  and  to 
do  this  practically  independent  of  the  skill  of  the  workman. 
Such  jigs  usually  consist  of  hardened  steel  blocks  fastened  to  the 
work,  and  made  in  suitable  shapes  to  guide  the  file  so  as  to 
remove  the  stock  to  the  proper  form  in  each  case.  The  file  will 
glide  over  the  hardened  jig  practically  uninjured  and  cut  away 
the  softer  metal  of  the  piece  of  work  which  projects  above  it. 
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93.  The  fonn  of  jig  shown  in  Fig.  57  is  used  in  making 
rectangular  slots  in  boring  bars,  etc.  It  ctmsists  of  a  hardened 
steel  blodc  a,  having  a  hole  for  inserting  the  work  6;  a  slot  c 
of  the  dimensions  required  to  be  made  in  the  work;  a  series  of 
holes  d  at  right  angles  to  the  slot  c  and  circumscribed  by  a 
rectangle  same  as  c ;  and  a  setscrew  e  to  hold  the  jig  on  the  work. 

94.  In  cutting  such  a  slot  in  a  bar,  the  jig  is  slipped  on  to  the 
proper  position  and  clamped  by  means  of  the  setscrew.  The 
holes  are  then  driUcd  through  the  work,  those  in  the  jig  serving 

■  to  guide  the  drill.     The  setscrew  is  then  loosened  and  the  jig 
turned  90°,  bringing  the  opening  over  the  holes  just  drilled.     A 


drift  may  be  used  to  drive  out  some  of  the  metal  between  the 
holes,  after  which  a  file  is  employed  to  bring  the  slot  to  the  form 
of  that  in  the  jig. 

A  better  way  is  to  move  the  jig  a  half  hole  endwise,  then, 
using  the  drill  press,  run  a  butt  mill — that  is,  an  end  mill 
having  end  teeth  only — through  each  hole  of  the  jig  to  remove 
the  metal  left  between  the  holes  by  the  drill;  the  slot  may  then 
be  finished  by  filing  as  described  above. 

95.  Filing  Machines. — Filing  machines  are  used  to  file 
rough  flat  work  on  which  heavy  cuts  may  be  taken;  such  as 
small  castings  of  iron,  brass  or  steel,  forgings,  stampings, 
etc.  On  them  much  work  generally  done  on  shapers,  milting 
machines  or  disk  grinders  may  be  done  more  quickly. 
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One  form  of  filing  machine  is  shown  in  Fig.  58.  The  work  a 
is  held  in  an  ordinary  vise  b  attached  to  the  table  c  of  the 
machine,  and  is  set  square  by  the  use  of  the  straightedge  d. 


which  is  adjustable  about  the  standard  e.  The  mechanism 
carrying  the  file  /  is  so  constructed  that  it  may  be  moved  in  a 
horizontal  plane  about  the  pillar  g,  and  is.  of  course,  moved  out 
of  the  wa^  before  adjusting  the  work  in  the  vise. 
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The  file  has  a  flat  face  and  is  carried  on  the  holder  A,  to  which 
it  is  attached  by  means  of  screws.  The  holder  has  a  recipro- 
cating motion  along  the  guide  i.  The  machine  is  driven  by 
a  belt  from  overhead,  operating  on  the  tight  and  loose  pulleys 
;■  and  k.  The  pinion  /,  which  is  keyed  to  the  same  shaft  as  the 
tight  pulley,  drives  the  gear  m.  This  gear,  by  means  of  the 
crankpin  n  and  rod  o,  imparts  the  desired  motion  to  the  file 
holder  h. 

The  weight  of  the  guide  bar,  file  holder,  and  other  parts  is 
counterbalanced  by  a  weight  in  the  base  of  the  machine,  which 
is  attached  to  the  cord  p.  This  cord  passes  over  the  pulley  q 
and  through  the  stationary  pillar  g.  By  turning  the  wooden 
ball  r,  the  counterbalanced  body  of  the  machine  may  be  raised 
or  lowered  to  set  the  file  level  or  at  an  angle  with  the  work. 
The  flanged  pulley  5  over  which  the  belt  runs  serves  to  keep  the 
belt  taut,  and,  by  adjtisting  the  starting  lever  /  sidewise,  the 
flanged  pulley  shifts  the  belt.  When  filing,  pressure  is  applied 
by  the  hand  to  the  ball  r. 

96.     Sharpening   Machines   for   Circular-Cut    Files. 

When  files  become  dull,  they  are  sometimes  resharpened.  Owing 
to  the  fine  spacing  and  shallow  depth  of  the  file  teeth,  the 
Sharpening  of  single-  and  double-cut  files  has  met  with  little 
success.  In  circular-cut  files,  the  teeth  of  which  are  widely  spaced 
and  relatively  deep,  the  resharpening  has  proved  advantageous. 

A  form  of  file-sharpening  machine  adapted  to  the  resharpen- 
ing of  circular-cut  files  is  shown  in  Fig.  59  (a).  The  base  a 
of  the  machine  carries  a  table"  b  which  has  a  crosswise  movement 
controlled  by  a  screw  and  knob  c.  On  the  table  is  a  carriage  d 
with  wheels  e  that  roll  on  the  V's/of  the  table.  On  the  carriage 
the  file  g  to  be  groimd  is  held.  It  is  placed  against  the  stop- 
plate,  fe  and  is  held  in  position  by  the  jaw  plates  i,  which  are 
moved  crosswise  by  turning  the  knobs  /. 

The  grinding  wheel  k  is  secured  to  the  shaft  I,  to  which  the 
pulley  m  is  keyed.  The  pulley  is  driven  by  belt  from  an  over- 
head shaft.  The  shaft  I  has  its  bearing  in  the  wheel  bracket  n, 
which  can  be  moved  back  and  forth  on  a  horizontal  slide  o  by 
means  of  the  screw  p.     This  slide  is  swiveied  on  the  pin  q.  which 
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is  fixed  in  a  vertical  slide  r.  The  wheel,  wheel  bracket,  and 
swivel  are  swung  about  the  swivel  pin  by  the  lever  s,  which  is 
operated  by  hand.  The  vertical  slide  r  is  moved  by  the  screw  (, 
on  the  bracket  «,  The  bracket  is  bolted  to  the  base  erf  the 
machine.    A  guide  finger  v,  view  (&),  bears  against  the  teeth  of 


the  file  and  locates  them  in  position  for  grinding.  It  is  held  in. 
the  yoke  w,  which  is  secured  to  the  rods  x.  These  rods  slide  in 
the  Tvheel  bracket «,  view  (a),  and  have  a  vertical  movement  con- 
trolled by  the  screw  and  knob-y.  The  grinding  wheel  k  is  thin, 
is  wrell  supported  by  flanges,  and  is  covered  by  a  guard  z  to 
prevent  the  pieces  from  fiying  if  the  wheel  should  break. 

ZS8— *! 
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97.  In  operation,  the  file  is  secured  to  the  carriage  of  the 
machine,  the  wheel  is  trued  to  an  angle  a  little  less  acute  than 
that  of  the  file  tooth,  the  table  is  adjusted  crosswise  until  the 
file  is  located  centrally  under  the  wheel,  and  the  guide  finger 
is  set  against  the  tooth  of  the  file  farthest  to  the  right.  By 
turning  the  knob  p.  Fig.  59  (a),  the  radius  of  the  arc  in  which 
the  wheel  swivels  is  adjusted  until  it  corresponds  with  the 
radius  of  the  teeth  of  the  file.  The  wheel  is  now  adjusted  verti- 
cally, by  means  of  the  knob  (,  to  grind  the  first  tooth.  When 
grinding,  the  right  hand  is  placed  on  the  Vsiohe',  and,  by  apply- 
ing a  slight  pressure  toward  the  left,  the  tooth  to  be  groimd  is 
kept  against  the  guide  finger.  The  lever  s  is  then  operated  by 
the  left  hand,  and  the  grinding  wheel  is  passed  back  and  forth 
over  the  work.  The  wheel  is  now  swung  free  of  the  file,  the 
guide  finger  and  carriage  are  set  to  grind  the  next  tooth,  and 
the  operation  is  repeated.  This  process  is  continued  until  all 
the  teeth  are  ground. 
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SCRAPING,  BROACHING,  AND  KEY  FimNG 


SCRAPING 

1.  Use  of  Scrapers. — Scrapers  are  used  in  machine  con- 
struction to  fit  or  correct  flat  bearing  surfaces  to  each  other 
and  to  make  flat  or  curved  surfaces  true.  Ftat  surfaces  are 
first  planed,  or  in  some  cases  miUed,  as  true  as  possible;  but 
owing  to  the  unequal  hardness  or  texture  of  the  material,  the 
possible  springing  of  the  work  when  damped  oh  the  planer  or 
milling-machine  .table,  and  the  slight  wear  of  the  finishing  tool, 
they  are  never  perfect  as  they  leave  the  machine.  Such  errors 
in  planed  surfaces  as  are  corrected  by  scraping  are  caused  in 
several  ways,  among  which  are:  wind,  from  not  having  the  cast- 
ing or  piece  firmly  bedded  on  the  table;  out  of  square,  from  using 
try  squares  that  are  not  true;  from  angles  that  do  not  match; 
and  from  sand  holes,  spots  of  scale,  and  hard  spots  that  the 
tool  jumps  or  slides  over.  The  errors  in  planed  work  should 
not  exceed  one  or  two  thicknesses  of  tissue  paper;  if  gi^ater, 
the  work  should  be  replaned  unless  the  errors  are  due  to  hard 
spots. 

2.  Forms  of  Scrapers. — The  scrapers  used  on  flat  and 
angular  Work  are  the  flal,  the  book,  the  right-hafui  hook,  and 
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the  left-hattd  hook;  and  for  curved  work,  the  kalj-round  and 
half-round  end  are  much  used.  For  removing  burrs  and  scraping 
comers  and  countersunk  surfaces,  the  three-cornered  scraper  is 
generally  used.  The  flat  scraper  is  the  one  most  employed,  as 
it  is  the  most  easily  made,  sharpened,  and  used,  and  in  expert 
hands  it  will  remove  an  astonishing  amoimt  of  surface  in  a  short 
time  with  little  eflfort. 

Scrapers  are  often  made  of  old  files;  but  they  do  not  work 
as  well  as  those  forged  from  special  scraper  steel,  because  files 
are  made  of  a  grade  of  steel,  called  file  steel,  that  can  be  prop- 
erly hardened  only  by  special  processes.  Scrapers  that  are  not 
shaped  like  files  are  never  made  from  them.  The  half-round 
and  three-cornered  scrapers  may  be  made  from  any  good 
smooth  or  dead-smooth  files  that  have  become  too  dull  to  use, 


by  simply  grinding  off  the  teeth,  thus  avoiding  the  necessity 
of  rehardening.  When  scrapers  are  made  in  this  way,  care 
must  be  taken  not  to  draw  the  temper  of  the  steel  when  grinding. 

3.  The  flat  scraper,  Fig.  1  {a)  and  (b),  should  be  made 
of  special  scraper  steel  stock  about  <^  inch  thick  by  1  inch 
wide,  with  a  tang,  similar  to  that  on  a  file,  which  is  driven  into 
a  wooden  handle.  The  cutting  edge  should  be  drawn  to  about 
^  inch  thick  by  1}  to  If  inches  wide,  and  hardened  to  the 
greatest  possible  degree. 

4.  The  sides  a  and  b  of  the  scraper  are  ground  a  little  high 
in  the  center  as  shown  exaggerated  in  Fig.  2  (a),  which  is  an  end 
view  of  Fig.  1  (b).  The  end  is  slightly  rounded,  as  shown  in 
Fig.   1  (a).    When  grinding  ths  end  a  small  grinding  wheel 
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and  the  tool  rest  are  used.  The  height  of  the  tool  rest  is  set 
so  that  when  one  of  the  broad  sides  of  the  scraper  is  laid  on 
it,  the  plane  midway  « 

between  the  sides  will 
pass  through  the  cen- 
ter line  of  the  wheel. 
Keeping  the  broad  side 
of  the  scraper  flat  on 
the  tool  rest,  the  end  is 
ground  rounding,  as  shown  in  Fig.  1  (a),  and  at  the  same  time 
hollowed,  as  shown  at  g.  Fig.  2  (6),  which  is  an  enlai^ement  of 
the  end  of  Fig.  1  (b).  The  surfaces  a  and  6,  Fig.  2  (6),  are  next 
rubbed  on  an  oilstone,  after  which  the  tool  is  held  in  a  vertical 
position  so  that  both  of  the  points  c  and  d  will  rest  on  the 


>^ 


stone,  in  which  position  it  is  rubbed  back  and  forth,  grinding  it 
into  the  shape  shown  by  the  dotted  line  ef.  It  is  now  ready 
for  use  and  has  an  equally  good  cutting  edge  on  each  side. 

5.     The  three-cornered  scraper  may  be  made  of  a  worn- 
out  file.     Alt  the  teeth  are  ground  off  and  the  end  is  ground  to 


an  angle  of  about  60°.     It  is  best  to  do  the  work  on  a  wet  grind- 
ing wheel,  for,  if  a  dry  wheel  is  used,  the  tool  would  be  easily 
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overheated  and  spoiled.  The  appearance  of  the  finished  three- 
cornered  scraper  is  shown  in  Fig.  3.  In  some  cases  the  edges 
from  o  to  fr  are  shghtly  curved. 

6.  The  bent,  or  hook,  scraper  is  made  in  the  fonn  shown 
in  Fig.  4  (a).  An  enlarged  view  of  a  portion  of  the  tool  is 
shown  in  (b),  and  an  end  view  is  illustrated  in  (c).  ThisscrapCT 
should  be  ground  to  the  angles  denoted  by  the  lines  a  J  and  c  d 
in  view  (b).  The  cutting  is  done  with  the  edge  c  g,  in  (c),  and 
the  metal  is  removed  by  pulling  the  tool  toward  the  operator. 
The  face  bhin  {b)  is  ground  to  any  convenient  angle,  reducing 
the  thickness  of  the  clearance  face  efr  to  from  Vi  to  i^  inch. 
As  with  all  scrapers,  the  final  sharpening  of  the  cutting  edge 
is  done  by  rubbing  it  on  an  oilstone.  This  scraper  is  used  for 
frosting  or  flowering;  that  is,  the  finishing  of  the  surface  in 
imitation  of  frost  or  des^ns.     This  tool  is  sometimes  made 

r 1  with  the  end  bent  at  right 

f    ^JiNi!  ■'■WH^  (  angles  to  the  body  of  the 

H^^j^  f  scraper  instead  of  as  shown. 

I i       7.   .Bight-  and  left- 

^'°-  *  hajid  hook  scrapers  are 

also  shown  in  Fig.  4.  The  top  view  of  these  scrapers  is  shown 
in  (ft),  the  end  view  of  the  left-hand  scraper  in  (d),  and  the  end 
view  of  the  right-hand  scraper  in  (e).  Scrapers  of  this  form  are 
employed  to  scrape  surfaces  that  cannot  be  conveniently  reached 
by  the  regular  hook  scrapers.  They  are  used  for  both  scraping 
and  frosting,  like  the  regular  hook  scrapers,  by  pulling  the 
cutting  edge  toWard  the  operator.  In  Fig.  5,  a  left-hand  hook 
scraper  is  shown  in  position  to  scrape  the  lower  side  of  a  gib 
way.  These  tools  are  made  with  their  ends  bent  at  right 
angles  to  the  body  of  the  scraper  more  frequently  than  are  the 
regular  hook  scrapers. 

8.  Scrapers  for  curved  work  are  shown  in  Fig.  6. 
Fig.  6  (a)  illustrates  a  form  used  for  scraping  bearings  and 
similar  work.  It  is  made  of  scraper  steel  and  fitted  to  a  file 
handle.  The  scraping  is  done  by  pulling  the  scraper  toward 
the  operator. 
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The  scraper  shown  in  Fig.  6  (b)  is  made  of  a  half-round  file 
by  grinding  off  the  teeth,  heating  and  bending  to  the  desired 
shape,  and  hardening  the  file.  If  heating  to  a  bright  red  and 
quenching  in  water  does  not  harden  it,  case  hardening  is  neces- 
sary. The  scraping  edges  a  of  the  tool  are  finished  by  oil- 
stoning.  This  tool  is  largely  used  for  scraping  bearings.  When 
made  straight,  as  is  sometimes  the  case,  it  is  not  heated,  and 
care  is  taken  not  to  draw  the  temper  of  the 
steel  when  the  file  teeth  are  ground  off. 

In  Fig.  6  (c)  is  shown  a  form  of  kalf- 
Toumd  ettd  scraper  which  is  much  used  for 
scraping  half-round  channels  such  as  oil 
grooves.  It  may  be  made  from  a  worn- 
out,  half-round  file,  although  better  results 
will  be  obtained  when  it  is  made  of  regular 
scraper  steel.  The  scraping  edge  is  that 
marked  b  in  the  figure. 

9.  Holding  Scraper. — The  manner  of 
holding  the  flat  scraper  is  shown  in  Fig.  7. 
The  handle  is  held  in  the  right  hand  with 
the  thumb  extended  along  the  top,  in  order 
to  keep  the  hand  and  arm  in  line,  the  same 
as  in  filing,  thus  preventing  cramping  the 
hand  and  tiring  the  arm.  The  left  hand 
grasps  the  scraper  as  near -the  cutting  edge  / 
as  is  convenient,  and  only  enough  pressure  / 
is  applied  to  remove  the  required  amount  \^ 
of  metal.  The  cutting  is  done  by  pushing  ^ 
the  scraper  away  from  the  operator,  except 
where  it  is  used  for  frosting,  flowering,  or 
finishing,  when  a  long  handle  may  be  substituted  and  rested 
on  the  shoulder,  while  both  hands  are  iiscd  to  pull  the  tool 
toward  the  operator.  The  hook  scrapers  are  held  in  much 
the  same  way  as  the  flat  scrapers,  but  are  piJled  toward  the 
workman. 

10.  The  flat  scraper  is  usually  held  at  an  angle  of  about 
30°'  to  the  surface  of  the  work ;  but  this  angle  may  vary  with 
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the  material  scraped  and  the  condition  of  the  eutting  edges. 
No  definite  angle  can  be  given  for  other  types  of  scrapers;  it 
must  be  determined  by  trial  with  each  scraper  and  each  class 
of  work. 

11.  Preparation  of  Surface. — When  a  newly  planed  sur- 
face is  to  be  finished  by  scraping,  the  piece  is  first  placed  on 
any  support  that  will  bring  it  up  to  a  convenient  height  for  the 
workman,  and  any  dust  or  dirt  that  may  be  on  the  surface  is 
brushed  oflf.  A  smooth  or  dead-smooth  file  is  run  over  the 
surface,  to  remove  any  burrs  or  fuzz ;  and  any  marks  that  would 


indicate  that  a  sand  hole  or  hard  spot  had  left  a  high  sp>ot  or 
spots,  are  removed  by  filing. 

12.  Harktnfc  Mlxtxires. — To  assist  the  workman  to  locate 

the  high  spots  of  the  surface  being  scraped,  marking  mixtures 
are  tised.  These  mixtures  may  consist  of  red  lead,  Venetian 
red,  or  any  red  or  black  material  that  is  not  gritty,  Venetian 
red  is  better  than  red  lead,  as  it  is  much  finer  in  texture.  The 
marking  is  rubbed  with  the  hand  into  a  thiri  coating  as  evenly 
as  possible  over  the  surface  plate  on  which  the  work  is  tried. 
The  marking  mixture  should  be  kept  in  a  covered  tin  box,  so 
that  it  may  be  kqjt  clean  and  free  from  grit. 

13.  Surface  Plates. — In  machine  construction,  the  sur- 
face plate  is  used  lor  testing  fiat  surfaces.     It  is  generally  made 
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of  a  hard,  close-grained  iron  casting  having  a  flat  top  o,  Fig.  8  (a), 
supported  by  a  ribbed  back  b,  Fig.  8  (b).  Three  legs  c,  d,  and  e, 
are  provided,  so  that  the  plate  will  stand  evenly  on  any  sur- 
face. On  the  ends  are  handles  /  and  g,  (a),  by  which  the  plate 
may  be  lifted.  The  tops  of  these  plates  are  first  planed  as 
smooth  as  possible,  then  filed  and  scraped  perfectly  flat. 

14.  When  in  use,  the  surface  plate  is  coated  lightly  with 
marking  material,  after  which  the  plate  is  rubbed  over  the 
surface  that  is  to  be  trued.  The  marking  material  is  left  on  the 
high  places,  thus  showing  the  parts  that  are  to  be  removed  with 
the  scraper.  This  operation  is  repeated  until  the  surface  shows 
a  good  bearing  at  all  points.  Small  work  is  rubbed  on  the  plate. 
Every  part  of  the  surface  plate  should  be  used  as  evenly  as 
possible,  for  if  the  rubbing  is  all  done  in  one  place,  the  plate 
will  soon  be  spoiled.     Surface  plates  are  made  of  different 


sizes  to  suit  the  work.  Special  plates  are  often  made  for  work, 
in  places  where  it  is  impossible  to  use  a  plate  having  a  ribbed 
back. 

15.  Applying  Surface  Plate. — The  surface  plate  is  pre- 
pared by  thoroughly  cleaning  and  coating  it  with  marking 
material.  It  is  placed  face  down  on  the  work  and  rubbed  back 
and  forth  a  few  times  over  the  entire  surface.  No  pressure 
is  necessary,  the  weight  of  the  plate  being  sufficient.  When 
the  plate  is  removed,  irregular  patches  of  the  marking  material 
will  be  found  on  the  work.  These  places  indicate  high  spots 
in  the  surface,  and  they  are  removed  with  a  few  strokes  of  the 
scraper.  The  workman  now  wipes  his  hand  clean  of  grit  and 
rubs  it  over  the  entire  face  of  the  surface  plate,  to  smooth  the 
marking,  and  then  rubs  the  plate  over  the  work  again.  More 
bearing  spots  will  be  shown  this  time,  which  are  removed  with 
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the  scraper.  The  work  proceeds  in  this  manner  until  the  entire 
surface  of  the  work  is  covCTed  with  bearing  masks,  when  it  may 
be  called  true. 

16.  The  marking  material,  in  addition  to  showing  the  high 
spots  on  the  work,  acts  as  a  lubricant  and  prevents  undue  wear 
on  the  plate  and  the  cutting  or  scoring  of  both  the  work  and 
plate.  The  more  true  the  surface  operated  cm  becomes,  the 
thinner  should  be  the  coating  of  marking  on  the  plate.  For 
some  purposes  the  marking  does  not  afford  sufficient  lubrica- 
tion, and  additional  oil  would  prove  detrimental  to  the  work. 
In  such  cases  a  plentiful  supply  of  turpentine  should  be  used 
on  the  surfaces  while  they  are  being  rubbed  together.  In 
addition  to  lubricating  the  surface,  turpentine  also  facilitates 
the  work  of  scraping.  

HAND    BROACHIMO 

17.  Broaching,  or  drifting,  is  the  process  of  forming   . 
holes  by  forcing  a  cutter  of  the  exact  form  required  through 
holes  previously  drilled.     In  all  broaching  operatitwis,    the 
greatest  amount  of  stock  possible  must  be  removed  by  drillii^, 

and   if   much   remains    the   broaching    tools 
should  be  so  designed  that  each  tool  will  take 
\  out  an  equal  amount  of  material. 

For  cutting  most  metals,  broaches  require 
an  abimdant  supply  of  lard  oil.     When  broach- 
:  cast  iron,  oil  is  not  so  essential  for  the 
^'°-'  cutting  operation;  but  the  back  and  sides  of 

the  broach  should  be  well  lubricated. 

18.  Simple  Square  Broach.— The  form  of  broach 
depends  largely  on  the  nature  and  quantity  of  the  work  to 
be  done.  If  the  number  of  pieces  to  be  broached  is  small,  the 
broach  must  be  as  inexpensive  as  possible.  In  this  case,  most 
of  the  work  is  done  by  the  drills,  or  other  means  are  used  to  rough 
out  the  hole,  and  the  broach  depended  on  only  for  finishing. 

Making  a  socket  to  fit  a  i-inch  square  in  a  tap  socket  or  a 
chuck-screw  wrench  is  a  simple  example  of  broaching.  The 
square  may  be  laid  out  on  the  end  of  the  round  stock,  as  in 
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Fig.  9.     A  J-inch  circle  a  is  first  drawn  from  the  center  mark  b, 
and  the  square  c  is  laid  off.     Four  J-inch  holes  d  are  now 


drilled  J  inch  deeper  than  the  square  hole  is  to  be  and  just 
touching  the  lines  of  the  square.  The  |-inch  hole  is  next 
drilled,  which  leaves  the  hole  as  shown  in  Fig.  10  (a).  A 
square  broach  may  now  be  driven  to  the  bottom  of  the  hole. 
Fig.  10  (&)  shows  this  form  of  broach;  it  tapers  a  little  from 
the  cutting  edge  e  to  f. 

19.    Anotber  Forni  of  Square  Broach. — Fig.  II  shows 

a  broach  and  a  broached  piece.  The  broach  in  this  case  has 
roimded  comers,  which  illustrates  a  practice  that  should  be 
followed  wherever  practicable,  as  teeth  of  this  forrii  are  much 
less  liable  to  break  than  those  of  square-cornered  broaches. 
The  notches  a  allow  the  broach  to  be  started  without  taking 
the  whole  cut,  and  when  it  has  entered  far  enough  to  have 


sufficient  support  to  steady  it,  the  whole  teeth  b  commence 
cutting  and  finish  the  work. 
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20.  Use  of  Several  Broaches  In  a  Set. — When  a  con- 
siderable amount  of  any  given  class  of  work  is  to  be  done,  it 
is  best  to  use  several  broaches  following  one  another,  each 

removing  a  portion  of  the  stock.  In  the  case  illustrated  in 
Figs.  9  and  10,  the  greater  part  of  the  metal  at  the  comers  is 
removed  by  drilling  small  holes,  and  in  some  cases  additional 
metal  is  chipped  out.  Where  much  of  this  work  is  to  be  done, 
all  the  metal  in  the  comers  may  be  removed  by  passing  a  series 
of  broaches  through  the  work.  In  Fig.  12,  the  forms  of  four 
broaches  for  squaring  a  J-inch  round  hole  that  extends  through 
the  piece  are  shown  at  e,  j,  g,  and  h.    All  the  broaches  should 


tunria 


&^ 

be  provided  with  several  cutting  edges,  as  shown  between  b 
and  c,  and  a  guide  pin,  as  shown  at  a  b.  Fig.  11. 

21.  Broaching  Keyways. — Keyways  can  be  cut  to  best 
advantage  by  the  use  of  special  machines  for  the  purpose;  but 
may  be  finished  by  hand  broaching  more  quickly  and  accurately 
than  by  chipping.  Sometimes,  quite  large  and  long  keyways 
are  formed  in  this  way,  the  broaches  being  driven  by  means  of 


The  necessary  tools  for  broaching  a  tapered  keyway  are 
shown  in  Fig.  13.  A  plug  (a)  is  turned  to  the  diameter  c  d 
so  that  it  fits  the  bore  of  the  hub  in  which  the  keyway  is  to  be 
cut.  It  is  made  of  sufficient  length  to  pass  entirely  through 
the  hub,  and  is  provided  with  a  collar  e,  which  rests  against  the 
hub  when  in  use.  A  slot  or  keyway  having  the  same  taper 
as  that  required  in  the  hub  is  cut  in  the  plug,  as  indicated  by 
the  dotted  line  a  b. 


^dbyGoogle 


524 


BENCH,  VISE,  AND  FLOOR  WORK 


11 


22.  The  cutting  is  done  by  the  tool  shown  in  Fig.  13  (c). 
The  cutting  edge  is  at  /,  and  the  thickness  g  j  must  be  equal 
to  the  depth  of  the  narrow  end  of  the  slot  bd,  view  (a).  In 
order  to  make  the  broach  cut,  liners  are  placed  in  the  groove 
behind  the  broach;  one  of  these  liners  is  shown  in  (6).  They 
are  made  of  sheet  metal,  and,  if  the  keyway  is  a  large  one, 
after  several  thin  liners  are  in  place  they  may  be  removed  and 
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replaced  by  one  thick  one,  after  which  the  thin  liners  may  be 
replaced  one  by  one,  as  the  successive  cuts  are  taken. 

The  broach  is  provided  with  a  guide  gi,  view  (c),  which 
enters  the  hole  first,  and  the  portion  g  h  must  be  at  least  equal 
in  length  to  the  slot  a  b,  view  (a),  so  that  the  broach  can  be 
driven  clear  through.  The  face  j  k,  view  (c),  of  the  broach 
should  be  perpendicular  to  the  face  to  be  cut.  The  broach,  if 
very  large,  may  be  made  of  machine  steel  and  provided  with 
an  inserted  blade  or  cutter  at ;.  The  cutting  edge  of  a  broach 
should  be  hardened  to  a  brown  or  dark  straw  color. 


^dbyGoOgle 


BENCH,  VISE,  AND  FLOOR  WORK  §  24 


PITTINO    KEYS 

23.  Rectangular  Keys. — Keys  of  a  square  or  rectangular 
cross-section  are  generally  planed  or  milled  a  little  larger  than 
the  size  ot  the  key  seats  they  are  to  fill,  and  are  then  filed  to  fit. 
If  the  key  is  to  fit  the  top  and  bottom,  it  should  be  filed  true 
to  a  surface  plate  and  made  of  such  width  as  to  fill  sidewise 
the  keyways  in  both  the  shaft  and  wheel.  The  comers,  as  well 
as  the  ends,  should  be  slightly  rounded.  The  shaft  is  now 
put  into  the  bore,  with  the  keyways  in  line.  Red  or  black 
marking  should  be  put  on  the  surfaces  of  the  keyway,  and  the 
key  driven  in  lightly  and  taken  out  and  filed  where  it  shows 
bearing  marks.  The  key  should  not  be  driven  too  tightly  at 
first,  as  it  is  easily  sprung  to  conform  to  the  inequalities  of  the 
hole,  and  will  show  too  great  a  bearing.  Neither  should  it  be 
driven  in  dry,  as  it  will  surely  cut.     The  marking  applied  to  the 

I  seat  is  sufficient  at  first,  and 
later   the   marking   material 
may  be  put  on  the  key,  where 
serves  the  double  purpose 
of  marker  and  lubricant.     By 
rej)eated  trials,  the  key  is  brought  to  fit  the  seat  perfectly,  and 
then  may  be  driven  home  without  danger  of  throwing  the  work 
out  of  true. 

24.  A  well-fitted  hub  and  shaft  may  be  forced  consider- 
ably out  of  true  by  driving  a  key  that  is  tight  only  on  one  end ; 
and  poorly  fitted  wheels  and  shafts  may  be  made  to  run  reason- 
ably true  by  carefully  fitting  the  keys  and  trying  the  work 
on  lathe  centers  as  it  progresses.  If  means  are  not  at  hand  for 
machining  keys,  as  is  often  the  case  on  repair  work,  a  wooden 
jiattem  is  first  made  and  the  key  forged  a  little  large,  after 
which  the  scale  may  be  ground  off  on  an  emery  wheel  or  grind- 
stone and  the  key  filed  to  fit. 

25.  ProvLiilon  for  Withdrawing  Keys. — ^When  keys 
can  be  driven  out  by  putting  a  set  in  the  opposite  end  of  the 
keyway,  they  are  not  provided  with  heads;  but  if  the  keyway 
is  so  located  that  only  one  end  is  accessible,  that  end  must  be 


^dbyGoOgle 


§  24  BENCH,  VISE,  AND  FLOOR  WORK  13 

provided  with  a  head,  as  shown  at  a,  Fig.  14,  for  the  purpose  (A. 
withdrawing  the  keys.  A  pinch  bar,  or  wedge,  is  used  between 
the  head  a  and  the  hub,  to  back  this  key  out. 


26.  For  convenience  in  fitting,  large  keys  are  sometimes 
made  with  an  extension  head  3  or  4  feet  long,  as  shown  in 
Fig.  15.  While  backing  out  such  a  key,  it  should  be  supported 
by  holding  a  sledge  under  the  head  at  the  point  a,  while  blows 
are  being  struck  against  the  face  b. 

27.  Taper  of  Keys. — When  keys  are  made  with  a  tapes, 
the  taper  is  generally  given  on  the  drawing;  but  in  some  shops 
the  workman  is  left  to  determine  this  for  himself;  in  common 
practice,  A  '^^^^  ^°  i  i"<^^  P^  fw>*  is  found  sufficient. 

28.  Round  Keys. — Sometimes  a  cylindrical  or  tapered 
pin  is  used  as  a  key.  In  this  case  a  hole  is  drilled  one-half 
in  the  shaft  and  one-half  in  the  hub;  and  if  the  key  is  to  be 
tapered,  the  hole  is  reamed  to  the  proper  taper.  A  tapered 
key  is  then  turned  to  fit  the  hole,  and  fitted  by  filing  in  the 
lathe,  after  which  it  is  driven  home.  For  very  small  work 
where  there  is  not  much  strain  on  the  parts,  this  style  of  key 
may  do  very  well.  It  is  used  very  generally  to  fasten  the  hand 
wheels  of  globe  valves  to  the  stems.  For  large  work,  and 
especially  where  there  is  not  a  good  fit  between  the  hub  and 
the  shaft,  such  a  key  should  never  be  used,  as  it  has  a  tendency 
to  burst  the  hub.  IHHW  ^'  %,  **• 

29.  Woodruff  Keys. 
The  keys  of  the  form  shown 
in  Fig.  16  are  known  as 
WoodruS  keys,  and  are  made  *'"■ " 

by  cutting  a  disk  from  a  piece  of  cold-rolled  stock.  The  key 
seat  in  the  shaft  is  made  by  sinking  a  milling  cutter  of  a 
diameter  corresponding  to  the  curve  on  the  key  into  the  shaft 
to  such  a  depth  that  the  proper  amount  of  the  key  will  be  left 
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out  of  the  shaft.  The  key  is  driven  into  the  shaft,  and  the 
wheel,  which  has  previously  had  a  keyway  cut  in  it  whose  depth 
is  one-half  its  width,  is  driven  lightly  on  the  shaft.  If  the 
work  has  been  correctly  done,  the  key  has  only  to  be  filed 
slightly  to  let  the  wheel  into  its  place.  This  key  bears  side- 
wise,  and  should  just  fill  the  top  and  bottom.     It  is  a  short 

key,  and  when  a  greater  length  is  reqtiired 

two  or  more  are  put  in  line. 

30.     Gauges  for  LaylngOut  Keyways. 

Different  types  of  gauges  have  been  adopted 
for  laying  out  keyways  on  shafts  and  in 
bores  having  more  than  one  keyway.  For 
general  work,  the  form  shown  in  Fig.  17  will 
be  foimd  very  useful.  This  gauge  consists 
of  a  ring  of  cast  iron  a  that  is  bored  to  the  correct  diam- 
eter b,  and  that  has  the  necessary  keyways  laid  out  in  it, 
as  shown  at  c  and  d.  This  ring  may  be  slipped  over  the 
shaft,  and  the  keyways  marked  from  it ;  it  may  then  be  removed 
and  placed  on  a  hub  of  the  crank  or  wheel,  and  the  keyways 
on  it  also  marked  out,  thus  insuring  the  accurate  location  of 
these  keyways.  After  locating  the  keyways  with  the  gauge, 
they  are  readily  laid  out  on  the  shaft  or  in  the  bore,  using  a  key- 
seat  rule. 

DRIIJJNO,  REAMING,  AND  THREAD  CUTTING 


DRILLING 

31.    Portable  Drills. — The  large  amount  of  hand  drilling 
required  on  medium  and  large  work  has  created  a  demand  for 

portable  drills.  Their  light  weight  and  compactness  have  made 
some  of  them  available  for  much  work  that  was  formerly  done 
by  hand,  and  much  time  and  hard  labor  may  be  saved  by  their 
use.  Most  of  these  machines  are  so  light  that  they  can  be 
carried  about  and  o]>cratcd  by  cme  man.  For  erecting  work, 
where  electricity  and  compres.wd  air  are  not  available,  the  hand- 
power  portaiile  drills  must  be  used.     The  several  classes   of 
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portable  drills  are  the  pneumatic,  electric,  ftexible-shafi,  ratchet, 
crank-driven,  Scotch,  and  breast  drills. 

32.  Portable  pneumatic  drills  are  made  in  a  large  num- 
ber of  different  forms.  Some  are  driven  by  means  of  oscillating 
cylinders  and  others  by  vanes  that  act  through  gearing  to  give 
the  proper  reduction  of  speed.  Fig.  18  shows  one  of  the  oscil- 
lating-cylinder  type  set  up  for  drilling.  The  cylinders  and  gear- 
ing are  enclosed  in  a  housing  a.  The  air,  which  for  this  class 
of  work  is  generally  compressed  to  from  80  to  100  pounds  per 
square  inch,  is  brought  from  the  air  compressor  or  storage 


reservoir  to  the  drill  through  a  rubber  hose  b,  the  hose  iisually 
being  protected  by  wire  wound  spirally  about  it.  The  drill  is 
fed  by  a  screw  c  and  is  operated  as  indicated  in  the  illustration. 
The  air  is  turned  on  or  off  and  the  flow  regulated  by  the  throttle 
valve  d,  controlled  by  the  hand  of  the  operator.  This  type  of 
machine  will  drill  and  ream  holes  up  to  3  inches  in  diameter, 
and  may  be  used  for  various  other  operations,  such  as  tapping, 
grinding  steam  joints,  etc. 

33.     Electric  drills   have  the  same  general  featiu-es  as 
I  he  pneumatic  drilling  machines,  the  difference  being  that  an 


^dbyGoogle 


16  BENCH,  VISE,  AND  FLOOR  WORK  §  24 

electric  motor  is  substituted  for  the  air  motor.  An  electric  drill 
is  shown  in  Fig.  19.  The  motor  by  which  the  drill  a  is  driven 
is  inside  the  casing  b,  the  wires  c  that  supply  ciurent  to  the 
motor  being  led  through  one  of  the  handles  d.  The, drill  is 
set  and  held  and  the  feed  is  obtained  in  the  same  way  as  the 
drill  shown  in  Fig.  18.  If  desired,  the  feed-screw  e  may  be 
remcfved  and  the  curved  plate  /  may  be  attached  instead,  to 
enable  the  drill  to  be  used  as  a  breast  drill. 

34.  A  portable  nexlble-shaft  drill  is  shown  in  Fig.  20. 
The  power  is  transmitted  to  the  flexible  shaft  a  through  a  rope 
drive,  the  rope  running 
from  the  pulley  b  on  the 
driving  end  of  the  shaft, 
over  a  pair  of  idlers  c 
hung  from  the  ceiling,  to 
a  pair  of  idlers  d  attached 
I  to  the  floor,  as  shown, 
and  thence  to  the  pulley  « 
on  the  countershaft.  By 
either  lengthening  or 
shortening  the  rope  at- 
taching the  idlers  d  to 
the  floor,  the  pulley  6 
may  be  moved  to  any 
location  within  the  reach 
of  the  driving  rope.     A 


by  means  of  the  stepped  pulley  e.  The  flexible  shaft  is  made 
by  winding  successive  layers  of  wire  in  opposite  directions 
about  a  center  wire,  as  shown  in  Fig.  21,  the  outside  being 
covered  with  leather. 

35.  The  flexible-shaft  drill  illustrated  in  Fig.  20  is  shown 
to  a  larger  scale  in  Fig.  22.  It  consists  of  a  pair  of  hevd  gears  a 
and  b  mounted  in  a  frame  c,  a  spindle  d,  a  feed-screw  e,  and  a 
hand  wheel/.  The  bevel  pinion  a,  which  is  covered  by  a  guard, 
is  attached  to  the  flexible  shaft,  and  the  bevel  wheel  b  is  splined 
on  the  spindle  d.    The  drill  is  held  in  the  spindle  in  the  usual 
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way,  and  may  be  set  so  as  to  drill  holes  at  any  angle.     When  no 
power  shaft  is  available,  the  fle^ble  shaft  may  receive  its  power 


from  any  convenient  portable  source,  as,  for  example,  a  small 
electric  motor  mounted  on^  truck.  The  shaft  is  connected  to 
the  motor  by  a  universal  joint,  so  that  the  arrangement  may  be 
as  flexible  as  possible. 


iiiiii''w 


36.    The  slowest  method  of  I 
drilling   is    by    means    of    the  1 
ra-tcliet  drill,    but   there   are 
occasions  when  no  other  kind  of 

drill  can  be  used.     Ratchets  are  generally  made  single  acting; 
that  is,  the  drill  only  cuts  during  the  forward  stroke  of  the 
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handle;  but  some  of  the  improved  ratchets  are  made  to  give  a 
forward  rotary  motion  to  the  drill  or  cutter  during  both  strokes. 
Ratchets  are  made  to  use  both  square- and  taper-shank  drills. 
The  t^per-shank  twist  drill  is  the  better  tool,  but  odd  sizes  are 
often  needed  by  men  out  on  repair  work,  where  it  is  impossible 
to  get  the  proper  size  of  twist  drill,  and  a  square-shank  flat  drill 
can  be  made  by  any  blacksmith  or  by  the  man  himself;  or  a 


flat  drill  already  on  hand  may  be  made  into  the  required  aze 
in  a  few  minutes,  either  by  grinding  or  dressing. 

37.  The  hole  to  be  drilled  with  the  ratchet  is  laid  out  and 
center-pimched  in  the  usual  way.  Some  sort  of  brace,  or,  as  it 
is  commonly  called  in  the  shop,  an  old  man,  or  a  drilling  crow. 
must  be  provided  that  will  support  the  ratchet  and  drill  in  the 
correct  position  and  at  the  same  time  allow  the  drill  to  be 
forced  into  the  work  by  the  feed-screw. 
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The  brace,  drilling  crow,  or  old  man,  is  made  in  a  great 
variety  of  ways,  from  a  piece  of  flat  iron  or  steel  bent  to  the 
proper  form  to  the  well-designed  adjustable  one  shown  in 
Fig.  23.  This  brace  consists  of  a  base  a,  an  upright  b,  and  an 
adjustable  arm  c  that  is  held  by  the  binding  screw  d. 

The  base  is  made  fast  to  the  work  e  by  means  of  a  bolt  / 
"or  clamp  ;',  as  shown.  The  arm  c,  which  has  a  number  of  c«i- 
tcr  holes  in  its  lower  face,  is  set  to  such  a  height  that  the  ratchet  i  ■ 
and  drill  g  will  go  under  it.     The  drill  is  either  set  square  with 


the  work,  or  so  that  the  ratchet  end  will  lean  slightly  away 
frtmi  the  upright,  as  the  pressure  upwards  on  the  arm  c  will 
spring  the  upright  b  back  and  so  draw  the  drill  about  perpen- 
dicular. The  drill  is  rotated  by  means  of  the  handle  h  and  is 
fed  into  the  work  by  means  of  the  sleeve  R. 

38.  The  erank-drlven  portable  drill  is  a  better  tool 
than  the  ratchet,  where  there  is  room  to  use  it.  This  form  of 
drilling  machine  is  clamjied  to  the  work,  or  bench  a.  Fig.  24, 
and  is  operated  by  a  crank  b  that  gives  a  continuous  motion 
to  the  drill  c.     The  feed  is  operated  by  turning  the  hand  wheel  d 
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with  one  hand,  and  the  crank  is  turned  by  the  other.  The 
sleeve  e,  carrying  the  bracket  /,  may  be  adjusted  to  var>'ii^ 
heights  and  positions  on  the  upright  g,  being  clamped  in  posi- 
tion by  the  screw  k.  The  bracket  /  may  be  set  to  drill  verti- 
cally or  at  any  angle  by  adjusting  the  part  i  on  its  bearing, 
fl  and  clamping  it  in  poa- 

tion  by  the  handle  /. 

39.  The  Scotcb 
drill  is  a  drilling  device 
formed  very  much  like 
an  ordinary  carpenter's 
brace.  It  is  usually 
made  by  bending  a 
piece  of  steel  or  iron  so 
that  it  will  form  the 
necessary  crank,  fitting 
^one  end  of  it  with  a 
suitable  socket  for  the 
drill,  which  may  be 
either  square-  or  taper- 
shanked.  The  other 
end  is  provided  with  a 
pointed  center  that  may 
be  fed  out  by  means  <^ 
a  screw,  thus  giving  the 
feed  to  the  drill. "  The 
crank  is  rotated  like 
an  ordinary  carpenter's 
'''<'■**  brace,   the   drill    being 

held  in  place  by  a  knee  or  other  suitable  clamping  device. 
Sometimes  the  Scotch  drill  is  made  with  a  double  crank  so 
that  both  hands  may  be  used  at  the  same  time;  but  usually 
only  one  hand  is  employed,  as  the  other  is  required  to  operate 
the  feed-nut. 

40.  The  breast  drill  is  so  named  because  it  is  provided 
with  a  suitable  guard  that  may  be  placed  against  the  breast 
while  drilling,  the  feed  being  obtained  by  a  pressure  brouphl 
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to  bear  on  the  drill  by  the  body.  The  drill  is  usually  operated 
through  bevel  gears  by  a  crank  on  the  side  of  the  machine.  This 
style  of  drill  is  very  largely  used  for  drilling  small  holes  fcH" 
attaching  name  plates,  and  for  similar  light  work. 


BBAHINO 

41.  Object  of  Hand  Reaming. — The  continued  use  of 
machine  reamers  dulls  their  cutting  edges  and  at  the  same  time 
slightly  reduces  their  diameters.  For  some  work,  a  hole 
■nftnj  inch  imder  size,  such  as  would  be  produced  by  a  worn 
reamer,  would  not  be  objectionable;  but,  in  addition  to  being 
small,  the  hole  will  be  comparatively  rough.  These  defects 
may  be  overcome  by  hand-reaming  the  hole. 

42.  Ordinary  Hand  Reamer. — The  hand  reamer  shown 
in  Fig.  25  illustrates  one  form  of  this  class  of  tools.  The  body  a 
is  finished  to  the  correct  standard  size,  and  the  shank  is  made 
of  such  size  that  it  will  act  as  a  guide  when  the  hole  to  be  reamed 


is  longer  than  the  fluted  part.  The  diameter  of  the  part  b  c, 
equal  in  length  to  one  diameter  of  the  reamer,  is  made  n^  inch 
smaller  than  the  nominal  diameter.  From,  c  to  d,  about  one 
diameter,  the  reamer  is  tapered  up  to  the  full  size,  and  from  d 
up  it  is  parallel.  The  hand  reamer  is  used,  as  its  name  implies, 
only  by  hand.  The  end  e  is  entered  into  the  hole  left  small  by 
the  under-sized  machine  reamer  and  acts  as  a  guide,  and  the 
taper  from  c  to  d  removes  the  stock,  while  the  parallel  part  a 
maintains  the  size.  The  small  amount  removed  insures  the 
durability  of  the  tool  and  the  smoothness  of  the  hole.  For  cast 
iron  and  brass,  the  reamer  should  be  entered  and  twisted  quickly 
through  the  hole.  In  the  case  of  cast  iron,  the  use  of  oil  is 
usually  thought  to  give  a  smoother  hole  than  can  otherwise  be 
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obtained,  although  in  many  shops  it  is  customary  to  ream  dry. 
For  wrought  iron  and  steel,  the  reamer  should  be  well  lubri- 
cated with  lard  oil. 

43.  Stepped  Reamer. — The  reaming  of  taper  holes,  par- 
ticularly large  ones,  in  tough  and  hard  metals,  is  greatly  facili- 
tated by  using  the  stepped  reamer  illustrated  in  Fig,  26.  The 
small  end  a  of  this  reamer  is  made  the  size  of  the  smalt  end  of 
the  hole.  A  hole  of  a  size  corresponding  to  a  is  drilled  into  or 
through  the  work  as  required.  The  stepped  reamer  is  then 
started  in  and  run  to  the  necessary  depth.  This  reamer  cuts 
only  on  the  end  of  each  step,  as  at  b,  c,  etc.,  the  diameter  of  the 
reamer  being  slightly  less  at  the  top  of  each  step  than  at  the 
lower  end;  for  instance,  the  diameter  is  smaller  at  e  than  at  d, 
in  order  that  the  tool  may  not  bind  in  the  hole.  Clearance  is 
also  given  the  cutting  edge  from  /  to  g.     This  reamer  is  cut 


with  four  flutes,  and  therefore  has  four  sets  of  cutting  edges. 
The  half-round  notches  h  are  cut  to  make  a  stopping  place 
for  the  wheel  while  grinding.  The  use  of  this  reamer  does  away 
with  the  necessity  of  using  a  number  of  different-sized  drills 
to  prepare  the  hole  for  reaming.  After  the  stepped  reamer  has 
removed  the  stock,  a  notched  taper  reamer  is  run  in  to  remove 
the  steps,  and  finally  the  finishing  reamer  smooths  the  hole. 

44,  Taper  Reaming. — ^Taper  holes  are  frequently  hand- 
reamed,  to  make  them  of  the  correct  size  and  smoothness. 
This  is  done  after  the  stock  is  removed  by  the  roughing  and 
finishing  reamers.  The  taper  hand  reamer,  when  not  in  use, 
should  be  kept  in  a  box  or  tied  up  in  a  heavy  paper  covering, 
as  any  nick  or  dent  on  its  cutting  edges  will  seriously  mar  the 
hole.  The  reamer  must  also  be  used  with  great  care.  It  should 
be  carefully  placed  in  the  hole,  well  oiled  if  in  wrought  iron  or 
steel,  and  turned  with  enough  pressure  to  insure  its  cutting 
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from  the  very  first;  turning  a  taper  hand  reamer  in  a  hole  when 
it  does  not  cut  will  soon  ruin  it, 

45.     Advantage   of  Vertical    Reaming. — All   reaming, 

whether  hand  or  machine,  is  better  if  done  in  a  vertical  position, 
because  the  weight  of  the  reamer,  if  working  horizontally,  tends 
to  ream  downwards,  and  so  either  carries  the  reamer  out  of 
line  or  tends  to  take  more  out  of  the  bottom  side  of  the  hole. 
Also,  any  chips  or  cuttings  will  fall  out  of  the  vertical  hole, 


fc:> 


but  in  the  horizontal  hole  they  remain  between  the  teeth  of  the 
reamer  and  often  scratch  or  score  the  work. 

46.  An  example  of  vertical  reaming  is  illustrated  in  Fig.  27. 
The  pulley  shown  is  first  put  on  the.  boring  mill  and  turned 
to  A  inch  over  the  finished  size;  the  hole  is  bored  about  ^  inch 
small  and  then  hand-reamed  to  size,  after  which  the  wheel 
is  put  on  a  mandrel  and  the  face  turned  true  and  to  size.  The 
reaming  is  done  in  the  fpUowing  manner :    The  wheel  is  placed 
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on  blocks,  as  shown,  and  the  reamer's  shank  b  is  passed  up 
through  the  bore  and  hooked  to  the  threaded  rod  d.  A  split 
bush  c  is  placed  around  the  shank  b  and  pushed  down  into  the 
bore  to  act  as  a  guide.  A  double-end  wrench  is  placed  on  the 
square  of  the  shank  at  e,  and  two  men  walk  around  the  wheel 
to  turn  the  reamer.  The  threaded  rod  d  passes  through  a  nut, 
not  shown  in  the  cut,  sind  this  feeds  the  reamer  a  upwards 
through  the  hole.  The  reamer  a  is  shown  just  as  it  leaves  the 
finished  hole.     Another  finishing  reamer  is  shown  at  /. 

47.  It«ainliig  Holes  In  Line. — Holes  may  be  reamed 
in  line  in  the  following  manner:  The  holes  in  two  or  more 
castings  that  arc  to  be  bolted  together  are  first  laid  out  as  close 
as  possible  to  their  correct  location;  all  those  in  one  piece  are 
drilled  and  reamed  to  size,  and  the  corresponding  holes  in  the 
next  piece  are  drilled  about  J  inch  smaller;  then  the  two  cast- 
ings are  clamped  together  in  their  correct  position,  and  a  rose 
reamer,  or  a  reamer  which  cuts  only  on  its  end,  the  same  size 
as  the  finbhed  hole,  is  put  through  the  reamed  part  of  the  hole 
and  ratcheted  through  the  smaller  hole,  thus  bringing  them  per- 
fectly in  line.  This  work  must  often  be  done  in  very  contracted 
or  limited  spaces.  

TBBUAD    CUTTINO 

48.  Methods  of  Tapping. — Holes  are  threaded  in  three 
ways:  first,  by  cutting  in  the  lathe;  second,  by  using  a  special 
tapping  fixture  in  the  drilling  machine;  and  third,  by  hand. 
The  first  two  methods  provide  their  own  means  of  keeping  the 
tap  square  with  the  work ;  but  in  hand  tapping  much  depends 
on  the  skill  of  the  workman. 

49.  Hand  Tapping. — Two  kinds  of  hand  taps  are  in 
common  use.  The  first  kind,  Fig.  28  (a),  is  made  with  a  straight 
end  b  c,  the  diameter  of  which  is  equal  to  that  at  the  bottom 
of  the  thread.  This  end  fits  the  hole  made  by  the  tap  drill, 
so  that  by  the  exercise  of  a  little  care  on  the  part  of  the  user  a 
squarely  tapped  hole  is  the  result. 

The  other  style.  Fig.  28  (6),  is  tapered  from  d  to  e;  conse- 
quently, it  will  not  stand  square  with  the  hole.    To  tap  a 
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hole  square  with  the  device  shown  in  (b),  the  tap  should  be 
well  oiled,  placed  in  the  hole,  and  turned  two  or  three  times 
with  a  double-ended  wrench,  which  is  then  removed  and  a 
square  applied  to  the  tap  in  the  manner  shown  at  a.  Fig.  29. 


1^2 
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Try  the  square  at  the  next  flute,  and  if  the  tap  shows  out  of 
square  apply  pressure  enough  sidewise  on  it  with  the  wrench 
while  turning  to  bring  it  square  with  the  surface.  Repeat  these 
trials  until  the  tap  is  found  to  be  square.  If  a  square  is  not  at 
hand,  a  wide  6-inch  steel  rule  b  may  be  used  instead.  The  tap 
shown  in  Fig.  28  (a)  will  go  in  reasonably  straight;  but,  for 
accurate  work,  it  is  better  to  use 
the  same  precautions  as  with  the 
other  style. 

50.  Tapping  Jig. — A  tap- 
ping jig  is  sometimes  used  to 
guide  the  tap.  In  Fig.  30  (a)  is 
shown  one  form  of  jig,  consisting 
of  a  piece  of  iron  or  steel  bent  to 
the  form  shown  at  a.  The  bot- 
tom surface  be  is  planed  flat,  and 
a  hole  d  the  size  of  the  tap  shank 
is  drilled  square  to  be.  A  plug  e 
is  turned  to  fit  if  and  the  hole  /to  "^'  ^ 

be  tapped.  To  use  this  tool  or  jig,  the  plug  is  put  into  the  hole  d 
and  then  pushed  into  /,  as  shown;  the  jig  a  is  clamped  fast  at 
the  point  g,  and  adjusted  until  the  plug  e  fits  easily  in  both 
holes,  after  which  the  plug  is  removed  and  replaced  by  the  tap. 
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which  will  be  held  in  the  correct  position  to  tap  the  hole,  as 
shown  in  (fc).  The  hole  d  in  the  jig  may  be  made  as  large  as 
the  largest  lap,  and  a  set  of  bushings  made  to  adjust  it  to  taps 
having  smaller  shanks. 

51.  Tapping  Smooth 
Threads. — It  is  sometimes 
desirable  to  tap  holes  with 
particularly  smooth  threads. 
In  the  case  of  United  States 
standard  threads,  this  may  be 
done  by  first  tapping  the  hole 
with  a  V-thread  tap  and  then 
following  it  with  a  tap  having 
the  United  States  standard 
form  of  thread.  The  V-thread 
tap  win  leave  enough  material 
so  that  the  United  States  stan- 

'**  dard  thread  tap  will  perform 

the  same  work  in  the  tapped 
hole  that  the  hand  reamer  does 
in  the  plain  hole.  The  use  of 
plenty  of  lard  oil  will  assist  in 
producing  a  smooth  thread  in 
the  tapped  hole. 

52.  Number  of  Tapa 
Necessary.—  Holes  in  thin 
stock  may  be  tapped  in  one 
operation  by  running  the  taper 
tap  clear  through  the  piece;  but 
if  the  hole  is  of  great  depth,  or 
the  material  is  hard,  a  second, 
or  plug,  tap  must  be  run  down, 
to  relieve  the  long  cut  made  by 
the  taper  tap.     By  using  these 

two  taps  alternately,  holes  may  be  tapped  to  any  depth  that  the 
taps  will  reach.  Neither  the  taper  nor  the  plug  taps  will  thread 
a  hole  clear  to  the  bottom,  so  when  this  is  necessary,  a  third  tap. 
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called  a  bottoming  tap,  is  screwed  clear  to  the  bottom  of  the 
hole.  Care  shoiild  be  taken  in  using  this  tap,  as  the  end  teeth 
are  easily  broken  by  the  heavy  cut. 

53.  Pipe  Threads- — ^The  threads  on  pipe  are  o£  the  V  type; 
and  to  insure  tight  fits  the  threaded  parts  are  made  tapefing. 
The  standard  taper  for  the  threaded  portion  of  pipe  is  ^  inch 
to  the  inch  or  J  inch  to  the  foot.  The  holes  to  be  tapped  for 
small  sizes  of  pipe  are  usually  drilled  to  the  size  of  the  bottom 
of  the  thread  at  the  small  end  of  the  tap.  and  then  the  pipe 
tap  is  run  down  to  the  proper  depth;  but  for  the  large  work, 
a  reamer  having  the  same  taper  as  the  tap  is  run  in  to  remove 
some  of  the  stock.  This  reaming  leaves  the  right  amount  of 
stock  for  threading,  and  saves  unnecessary  wear  on  the  tap. 


Inside  pipe  threads  are  tapped  a  depth  such  that  the  large 
end  of  the  threaded  part  Of  the  standard  pipe  plug  gauge  will, 
when  screwed  into  the  tapped  hole,  be  flush  with  the  end  of  the 
fitting.  Outside  pipe  threads  are  cut  a  depth  such  that  one 
face  of  the  standard  pipe  ring  gauge  will,  when  screwed  onto 
the  threaded  portion,  be  flush  with  the  end  of  the  work.  When 
standard  plug-and-ring,  pipe-thread  gauges  are  not  available, 
the  pipe  and  fittings  are  threaded  to  fit  the  fittings  and  pipe 
on  which  they  are  to  be  used. 

54.  Die  Stock  and  Square  l>les. — Outside  threads  of 
various  pitches  and  sizes  must  often  be  cut  by  hand.  Dies 
for  such  work  are  made  to  cut  threads  on  pieces  ranging  from 
1^  inch  to  2  inches  in  diameter,  A  form  of  stock  and  die  is 
shown  in  Fig.  31  {a).    The  stock  a  has  an  oblong  ojiening  b 
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provided  with  guides  for  holding  the  split  die  c,  which  is  closed 
by  a  setscrew.     The  form  of  these  dies  is  shown  in  (fc).     They 


C) 
Pig.  32 

are  so  constructed  that  the  cutting  is  done  at  the  points  /, 
which  also  steady  the  dies  when  starting  on  the  work.  Bolts 
can  be-  threaded  standard,  undersize,  or  oversize  with  these 
dies.  For  example,  a  No.  14  screw,  a  J-inch,  or  a  A-^ich 
screw,  all  20  threads  per  inch,  can  be  fitted  with  one  pair  of 
dies.  They  are  made  in  several  sizes  and  their  cutting  edges 
are  provided  with  clearance'.  These  dies  are  especially  adapted 
to  repair  work  where  the  variety  of  work  is  great  and  the  quan- 
tity small.  With  them  several  cuts  must  be  taken  to  cut  a  full 
thread.  A  pair  of  blank  dies  with  suitable  notches  cut  in  them, 
used  in  this  stock,  make  an  excellent  tap  wrench. 

55.  Die  Stock  and  Round  Dies. — Standard  work  is 
usually  done  with  any  of  the  many  forms  of  round  dies,  one  of 
which  is  illustrated  in  Fig.  32  (a),  (b),  and  (c).  When  in  use, 
the  die  is  held  in  a  die  stock,  of  the  form  shown  in  Fig.  33, 
The  die  is  made  of  two  parts  a  and  b,  Fig.  32  (a)  showing  the 
two  parts  in  place;  (b),  the  die  with  one  part  removed,  the  lat- 
ter being  shown  detached  in  (c).     This  die  can  be  adjusted 


within  narrow  limits,  the  screw  d  being  made  with  a  tapered 
head,  and  by  turning  it  in,  the  two  halves  are  forced  apart. 
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56,  The  die  stock,  Fig.  33,  is  provided  with  a  thumbscrew 
that  grips  the  die  when  in  place.  The  lower  part  c.  Fig.  32  (b),. 
of  this  die  is  bored  out  to  the  exact  size  of  the  rod  to  be  threaded, 
and  forms  a  guide  for  the  die  in  starting.  These  dies  require 
some  pressure  to  start  them;  but  once  started  they  cut  a  full 
thread  at  one  operation.  The  large  sizes  are  made  with  inserted 
chasers  that  are  adjustable  for  wear  and  if  broken  may  easily 
be  replaced. 


57.  Threading  Pipe. — Kpework  enters  largely  into  some 
branches  of  machine  work,  and  a  few  of  the  principal  tools 
used  in  this  connection  will  be  illustrated  and  described.  Pipe 
is  made  in  lengths  of  from  15  to  20  feet.  It  is  threaded  on 
both  ends  at  the  pipe  mill,  and  a  sleeve  screwed  on  one  end. 
Large  pipe  has  a  ring  screwed  on  the  other  end,  to  protect  the 
threads  during  shipment  and  handling. 

The  pipe  is  cut  to  the  correct  length  and  is  then  ready  for 
threading.    The  large  sizes  are  usually  threaded  in  power- 
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driven  machines,  and  the  small  sizes  are  done  by  hand  with  one 
of  the  various  forms  of  pipe  dies. 

58.  Pipe  Stock. — The  ordinary  pipe  stock  is  shown  in 
Fig.  34.  The  die  a,  Fig.  34  (d),  is  held  in  the  stock  into  whose 
ends  the  handles  b.  c  are  screwed.  The  stock  has  a  square 
recess d,  Fig,  34  {c),inthetoptohold  thedieshowninFig,  34  (a). 
A  cover  slides  over  the  die  to  hold  it  in  place.  For  threadinR 
the  larger  sizes  of  pipe,  the  pipe  stock  is  threaded  internally 
and  the  bushing,  or  lead  screw,  e.  Fig.  34  (d),  is  screwed  into  it. 
The  thread  on  the  bushing  is  llj  per  inch  for  sizes  from  1  inch 
up  to  and  including  2  inches,  and  8  per  inch  for  sizes  above 
2  inches,  to  correspond  to  the  standard  pipe  threads.    A  bush- 


ing, or  thimble,  h.  Fig,  34  (c),  having  a  hole  through  it  of  the 
siiM!  of  the  outside  diameter  of  the  pipe  is  placed  in  the  bush- 
ing e,  and  the  whole  slid  over  the  end  of  the  pipe  so  that  the  cut- 
ting edges  of  the  die  rest  on  the  end  of  the  pipe.  The  bushing  e 
is  made  fast  to  the  pipe  by  the  setscrews  /  and  g,  which  pass 
through  the  holes  in  the  thimble  k,  and  the  stock  is  given  a  few 
turns  to  start  the  die  on  the  pipe,  the  screw  thread  in  the  stock 
acting  the  same  as  the  lead  screw  in  a  lathe.  As  soon  as  the 
die  has  a  good  start,  the  setscrews  holding  the  feed-screw  may 
be  loosened,  and  the  work  finished  without  using  the  feed-screw 
further.  The  small  sizc.s  of  pi|)e  are  threaded  in  the  same  man- 
ner, but  the  die  stock  is  made  without  the  feed  or  lead  screw. 
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59.  Adjustable  Pipe  Dies. — An  adjustable  die,  made  in 
two  parts,  is  shown  in  Fig.  35.  The  stock  is  provided  with  the 
usual  handles  for  turning  and  the  thimble  for  guiding  the  dies 
on  the  pipe.  The  dies  a  are  held  in  the  stock  b  by  means  of 
the  clamp  screws  c,  and  are  made  to  cut  larger  or  smaller  than 
the  standard  by  the  adjusting  screws  d.  Lines  s  are  cut  in  the 
stock,  and  corresponding  lines  s'  are  placed  on  each  die,  so  that 
when  these  lines  coincide  the  dies  are  set  to  cut  pipe  to  the 
standard  size.  As  these  dies  are  more  easily  sharpened,  they 
are  considered  decidedly  superior  to  the  solid  ones. 


LAYING  OtJT 


PBINCIPIfS 

60.  las^ng  out  is  the  process  of  placing  such  lines  on 
castings,  foi^gs,  or  partly  finished  surfaces  as  will  designate 
the  exact  location  and  nature  of  the  operations  specified  in  the 
drawing. 

61.  Prellmlnarr  layout. — In  many  cases,  one  or  more 
men  are  regularly  employed  in  laying  out  work.  Occasionally, 
the  same  men  devote  a  part  of  their  time  to  inspecting  or  test- 
ing finished  or  partly  finished  work.  The  inspection  when 
partly  finished  is  to  prevent  additional  work,  should  the  first 
operation  be  so  defective  as  to  call  for  the  rejection  of  the  piece. 
When  the  work  is  laid  out  by  an  expert  who  has  the  drawing 
of  the  finished  piece  before  him,  he  may  determine,  before  any 
work  is  done,  whether  the  forging  or  casting  has  siiificient  stock, 
and  should  stock  be  lacking  at  any  particular  point,  the  piece 
may  either  be  rejected  or  perhaps  saved  by  carrfully  locating 
the  lines  so  as  to  permit  the  finishing  of  all  the  holes  and  sur- 
faces; whereas,  without  the  special  laying  out,  it  may  after- 
wards be  found  that  there  is  not  suificient  stock  for  some  later 
operation. 

62.  The  economy  of  having  the  laying  out  done  by  men 
set  apart  for  that  purpose  is  due  to  several  reasons.     Men 
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become  expert  and  quick  at  this  kind  of  work;  the  tools  of  the 
shop  are  not  idle  while  the  men  running  them  stop  the  machine 
to  do  the  laying  out,  as  was  formerly  the  case;  and  the  work 
can  be  laid  out  on  a  convenient  plate  with  proper  tools  to  better 
advantage  than  otherwise.  Then,  work  can  be  laid  out  as 
soon  as  the  castings  or  forgings  come  into  the  shop,  perhaps 
long  before  the  tools  are  at  liberty  to  finish  the  work,  and  it 
may  be  of  great  advantage  to  find  out  early  any  lack  of  stock, 
or  any  defect  that  may  cause  the  rejection  of  the  piece,  or  any 
change  that  is  to  be  made,  if  it  is  a  forging.  A  casting  may 
appear  perfect,  but  a  hole  may  be  cored  too  large,  or  the  core 
may  not  have  been  set  correctly,  or  it  may  have  moved  in  the 
mold.  After  laying  out  some  of  the  tines  and  making  sure  that 
there  is  stock  enough  for  finishing,  it  is  often  advisable  to  do 
part  of  the  finishing  before  completing  the  laying  out. 

63,  Divisions  of  Laying  Out. — I-aying  out  may  be 
divided  into  two  parts:  the  preliminary  and  the  final.  The 
preliminary  laying  out  consists  in  measuring  the  piece  to  see 
that  it  is  of  the  proper  size  and  dimensions,  and  then  drawing 
such  lines  on  its  surface  as  will  show  where  the  first  machining 
operations  are  to  be  performed.  The  center  lines  are  so  placed, 
if  possible,  that  they  will  not  be  removed  by  the  machining 
process,  and  can  be  used  in  resetting  the  piece  for  future  machin- 
ing. In  the  final  laying  out  such  lines  are  placed  on  the 
machined  surfaces  as  will  indicate  the  further  operations  to  be 
performed. 

The  preliminary  laying  out  in  the  case  of  a  steam-chest 
cover  would  be  to  level  it  on  the  table  and  draw  such  lines  on 
its  edges  as  will  indicate  its  thickness;  after  which  it  should 
go  to  the  planer  and  be  machined  to  the  dimensions  denoted 
by  the  lines.  The  final  laying  out  will  consist  of  laying  out 
the  holes  for  the  studs  and  such  other  operations  as  may  be 
designated  on  the  drawing. 

64.  Methods  of  Ia.ying  Out. — Laying  out  is  done  in 
different  ways,  according  to  the  nature  of  the  work  and  the 
accuracy  required.  The  lines  are  drawn  on  the  surfaces  with 
surface  gauges  or  scribcrs,  and  centers  arc  denoted  by  prick- 
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punch  marks.  Circles  and  arcs  of  circles  are  drawn  with 
dividers  and  trammels,  and  many  irregular  forms  are  drawn 
on  the  work,  from  accurately  filed  templets. 

In  some  cases,  the  work  is  laid  out  by  simply  drawing  the 
necessary  lines  on  its  surface.  In  other  instances,  jrermanence 
is  given  the  lines  by  dotting  them  with  prick-punch  marks 
placed  directly  on  the  line;  or  a  thin  chisel  may  be  driven  into 
the  work  on  the  lines,  making  a  deep  cut  in  the  metal.  Guard 
lines  are  often  placed  on  the  work  to  make  sure  that  the  original 
lines  were  closely  followed,  as,  in  laying  out  holes  to  be  drilled, 
some  machinists  place  a  circle  ^  inch  outside  the  one  worked 
to,  and  if  the  hole  is  correctly  drilled,  it  will  be  concentric  with 
this  circle. 

65.  Coatings   on   Wlilch   to  Make  Unes. — In  many 

cases  it  would  be  impossible  to  scratch  lines  on  an  iron  sur- 
face, especially  when  the  surface  is  either  not  perfectly  smooth 
or  it  is  very  hard.  The  use  of  various  coatings,  on  which  the 
lines  may  be  made  or  in  which  they  may  be  scratched  is  there- 
fore necessary.  Sometimes,  chalk  is  simply  rubbed  on  the  sur- 
face. In  other  cases,  powdered  chalk  is  mixed  with  alcohol, 
QT  whiting  is  mixed  with  alcohol  or  water,  and  applied  with  a 
brush.  Alcohol  has  the  advantage  over  water  in  that  it  will 
dry  quicker  and  has  no  tendency  to  rust  the  surface, 

66.  When  the  surface  has  been  machined  and  is  fairly 
smooth,  it  may  be  copper-plated  by  wetting  and  rubbing 
with  a  piece  of  copper  sulphate  (blue  vitriol),  or,  better  still, 
by  makii^  a  saturated  solution  of  copper  sulphate  and  apply- 
ing with  a  brush  or  swab.  As  the  solution  dries,  the  surface 
will  be  covered  with  a  thin  layer  of  copper.  Surfaces  to  be  thus 
coppered  must  be  thoroughly  cleaned  and  free  from  oil  before 
applying  the  solution.  Lines  may  easily  be  scratched  in  this 
copper  and  will  show  very  plainly  on  account  of  the  difference 
in  color  between  the  iron  and  the  copper.  A  light  coat  of  some 
quick-drying  white  paint  is  sometimes  used,  as,  for  instance, 
white  lead  and  turpentine.  After  the  lines  arc  drawn,  their 
location  should  be  permanently  established  by  means  of  light 
prick-punch  marks. 
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67.  A  variety  of  tools  are  used  in  laying  out  work.  The 
most  OMnmon  are  the  surface  gauge,  straightedge,  scriber, 
hammer,  prick  punch,  level,  square,  dividers,  trammels,  and  a 
line,  if  large  work  is  handled.  In  addition  to  these  tools,  there 
should  be  a  supply  of  quick-drying  white  paint,  chalk,  a  solu- 
tion of  blue  vitriol,  a  lot  of  iron  wedges,  and  small  pieces  of 
^eet  metal  of  various  thicknesses  for  blocking,  parallels  of 
various  sizes,  small  screw  jacks,  one  or  more  pairs  of  V  blodis, 
a.  pinch  bar,  and  a  hack  saw. 

The  surface  of  the  laying-out  table  or  plate  must  be  kept 


as  clean  as  possible;  therefore,  a  bench  bru^  should  be  pro- 
vided for  the  table,  and  for  the  large  plate,  a  brush  and  broom. 
As  a  good  many  drawings  are  used  at  the  laying-out  table,  a 
table  or  stand  of  sufficient  size  to  hold  them,  and  drawers  in 
which  to  place  those  not  in  constant  use,  should  be  provided 
near  at  hand. 

68.  Laylng-Out  Plate  for  Light  Work. — For  laying  out 
light  or  small  work,  the  size  and  character  of  the  plate  used 
may  vary  greatly.  Fig.  36  illustrates  a  general  form  of  layii^- 
out  plate.  The  plate  a  may  vary  in  size  from  2  or  3  feet  on 
each  side  up,  about  7  feet  by  10  feet  being  the  largest  size 
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practicable  for  this  design  of  plate.  In  the  larger  size,  the  top  o 
^ould  be  made  Ij  inches  thick,  the  ribs  b  should  be  carried 
around  the  sides  of  the  plate,  and  cross-ribs  placed  across  the 
back  of  the  plate  about  every  24  inches;  the  depth  of  these  ribs 
for  a  plate  7  feet  by  10  feet  shoiild  not  be  less  than  8  inches, 
and  they  should  be  of  the  same  thickness  as  the  body  of  the 
plate.  The  casting  should  be  planed  on  the  upper  surface  a 
and  on  the  faces  of  the  ribs  b,  so  that  the  faces  b  will  be  at  right . 
angles  to  the  surface  a,  thus  making  it  possible  to  use  surface 
gauges  or  other  tools  from  the  faces  b.  Parallel  lines  should  be 
drawn  both  lengthwise  and  crosswise  of  the  plate,  the  lines 
being  3  or  6  inches  apart.  The  plate  is  mounted  on  trestles  c, 
and  the  upper  surface  of  the  plate  should  be  kept  level  and  out 
of  wind,  by  adjusting  wedges  under  the  legs  of  the  trestles, 
as  shown  at  d.  For  ordinary  working,  the  upper  surface  of  the 
plate  should  be  about  30  inches  from  the  floor.  Such  a  plate 
as  this  may  be  placed  under  the  m^  traveling  crane,  and  it  is 
also  well  to  have  an  auxiliary  air  lift,  or  similar  hoistii^  device, 
for  handling  the  work  when  the  crane  is  not  available. 

69.  The  advantages  of  this  style  of  plate  are  that  it  is 
not  a  permanent  fixture,  but  can,  be  easily  moved  from  one  part 
of  the  shop  to  another.  Then,  too,  if  the  plate  is  not  needed 
for  some  time,  but  the  floor  space  is,  the  plate  can  be  turned  up 
on  one  edge  and  set  against  the  wall. 

The  disadvantages  are  that  owing  to  its  support  on  trestles 
it  is  not  suitable  for  laying  off  heavy  work  that  requires  great 
accuracy,  owing  to  the  fact  that  the  plate  cannot  be  kept  true 
and  out  of  wind  when  heavy  weights  are  being  placed  on  or 
taken  from  it,  as  the  stresses  on  both  the  plate  and  the  trestles 
are  constantly  changing.  A  plate  of  this  general  style  is 
sometimes  mounted  on  a  concrete  or  brick  foundation;  but  if 
this  expense  is  to  be  incurred,  it  is  usually  best  to  have  a  more 
elaborate  plate,  such  as  is  described  in  Arts.  70  and  71. 

70.  Laylng-Out  Plate  for  Heavy  Work. — For  laying 
out  heavy  work,  the  plate  must  have  a  verj'  firm  foundation, 
and  the  ribs  must  be  of  such  a  depth  that  the  plate  will  not 
spring  under  the  weight  of  the  piece  being  laid  out.    Plates 
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for  heavy  work  are  usually  made  lower  than  those  for  light  work, 
the  top  of  the  plate  being  placed  from  18  to  24  inches  above 
the  floor.  Fig,  37  illustrates  a  very  good  plate  for  heavy  work. 
The  top  of  this  plate  is  24  inches  above  the  floor,  and  it  is 
composed  of  two  pieces  A  and  B  that  are  joined  with  a  tongue 
and  groove,  as  ^own  at  C.  This  plate  is  8  feet  by  15  feet, 
and  the  ribs  around  the  outside  and  along  the  center  are  made 
to  extend  clear  to  the  foundation,  which  is  only  2  inches  above 
the  floor,  thus  making  the  plate  22  inches  deep.  Parallel 
grooves  6  inches  apart  are  planed  the  entire  length  of  the  top 
surface,  and  at  right  angles  to  these  grooves,  line^  are  ruled 
on  the  surface  6  inches  apart.  The  grooves  are  especially 
handy,  because  parallels  can  be  slipped  into  them  and  pieces 
brought  against  these  parallels  for  lining  up,  after  which  meas- 
urements may  be  made  from  either  grooves  or  lines.     All  heavy 


plates  should  have  a  good  bearing  on  the  foundation,  which 
should  be  made  so  deep  and  strong  that  it  will  not  settle  or  be 
broken  under  any  weight  that  is  liable  to  be  put  on  the  plate. 

71,  Leylng-Out  Plate  for  General  Work. — In  shops 
handling  a  variety  of  work,  varying  from  heavy  to  light,  a  plate 
of  the  form  illustrated  in  Fig.  38  may  be  used.  This  plate  is 
about  8  feet  by  12  feet.  The  foundation  consists  of  a  concrete 
base,  Fig.  39,  on  which  are  built  three  brick  waUs  nmning 
ler^hwise  of  the  plate  and  a  cross-wall  at  each  end.  The  plate 
is  supported  on  these  walls,  as  shown  in  Fig.  39.  A  bole  in  the 
plate,  at  least  18  inches  by  24  inches,  together  with  an  opening 
in  the  middle  wall,  affords  access  to  the  space  beneath  the  plate 
for  the  purpose  of  cementing  between  the  iron  and  brickwork. 
This  hole  in  the  plate  is  also  useful,  because  it  permits  parts 
of  the  work  to  hang  below  the  surface;  as,  for  instance,  one 
crank  of  a  three-throw  crank,  or  an  arm  on  a  rocker-shaft. 
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The  bole  is  cast  with  a  ledge  to  receive  a  wooden  cover,  which 
prevents  objects  from  falling  throi^h  the  hole  and  being  lost 
under  the  plate.  The  top  of  the  wooden  cover  should  be 
\  inch  below  the  surface  of  the  plate.  The  plate  overhangs  the 
foundation  7  inches  all  around,  to  allow  foot-room  on  the  floor. 

72.  Grooves  J  inch  wide  and  J  inch  deep  are  planed  length- 
wise every  6  inches,  and  lines  made  crosswise  every  6  inches; 
or  grooves  may  be  planed  both  lengthwise  and  crosswise. 
A  number  of  short  parallels  J-inch  square  should  be  provided 
to  drop  into  the  grooves  to  aid  in  locating  the  work  or  tools. 


The  proportions  or  size  of  the  plate  may  be  varied  to  suit  the 
character  of  the  work  being  done.  It  is  not  good  practice  to 
mount  a  plate  on  brick  walls  all  running  in  one  direction,  ^vhea 
heavy  work  is  to  be  placed  on  or  taken  off  the  plate;  for  if  work 
were  to  strike  the  end,  there  would  be  danger  of  racking  the 
walls,  while  the  tying  of  the  longitudinal  walls  together  at  the 
ends  tends  to  overcome  this  difficulty,  and  also  prevents  dirt 
from  collecting  beneath  the  plate.  ft 

73.  Revolving  Lajing-Out  Flat«. — In  many  cases  the 
light  must  fall  on  the  work  from  a  certain  direction,  to  enable 
the  operator  to  see  the  hnes  being  drawn;  also,  in  the  case  of 
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small  work,  it  is  often  necessary  to  operate  on  several  sides  of  the 
piece.  If  placed  on  a  large  plate,  this  work  would  have  to  be 
turned  and  reset  several  times,  or  the  operator  would  have  to 
climb  over  the  plate.  To  overcome  this  difficulty,  a  revolving 
plate  of  the  general  form  shown  in  Fig.  40  may  be  used. 

74.    This  plate  consists  of  a  circular  table  a  mounted  on  a 
swtable  foot,  or  base,  b.    The  back  of  the  plate  a  is  ribbed, 


as  shown  in  Fig,  41,  and  a  ball  bearing  is  inserted  between  the 
plate  o  and  the  base  b,  as  shown  at  c.  To  facilitate  the  center- 
ing of  worK  having  a  hole  in  it,  a  plug  d.  Fig.  40,  may  be  inserted 

in  the  center  of  the  table  and  a  ring  e  of  suitable  diameter  placed 
over  the  plug.  Work  thus  dropjjed  over  a  ring  of  the  proper 
size  can  be  quickly  centered.     To  facilitate  the  dividing  of 
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work,  two  grooves  j  and  g  are  planed  across  the  table  at  right 
angles.  One  edge  of  each  groove  passes  through  the  centra" 
of  the  table.  For  convenience  in  measuring,  other  grooves 
may  be  located  at  any  specified  distance  from  the  center,  and 
parallel  to  either  one  of  the  main  grooves,  as  shown  at  h.  Small 
)>arallels  are  frequently  inserted  into  the  grooves  when  setting 
squares  or  other  tools,  or  as  a  stop  to  locate  the  work  in  the 
desired  position.     These  parallels  are  shown  in  position  at  i. 

75.  The  top  of  the  tabic  illustrated  is  31  inches  above  the 
floor,  and  the  rim  is  2  inches  thick.  For  some  classes  of  work 
it  is  convenient  to  have  circular  lines,  1  inch  apart,  turned  on 
the  table  before  the  plate  is  taken  from  the  lathe.  This  form 
of  table  can  be  easily  taken  to  the  work,  in  place  of  bringing 
the  work  to  the  table,  in  cases  where  there  is  a  large  amount  to 
be  handled,  and  especially  when  it  is  advantageous  to  have  it 


done  near  the  same  machine.  For  convenience  in  moving  the 
table,  an  extension  of  the  hole  that  receives  the  pin  d  in  the 
base  b  may  be  tapped,  and  a  strong  eyebolt  fitted  to  it.  This 
bolt  will  form  a  ready  means  of  attaching  the  crane  hook  to 
the  table. 

76.  Special  I^ylng-Out  Appliances. — On  the  laying- 
out  table  illustrated  in  Fig.  37  are  shown  several  special  laying- 
out  appliances.  First  may  be  mentioned  the  parallel  shown 
at  m.  These  parallels  are  made  in  various  heights,  differing 
by  even  feet,  and  smaller  solid  parallels  or  hollow  rectangular 
parallels  are  made,  varying  by  inches,  so  that  any  height  vary- 
ing by  inches  can  be  obtained  from  a  series  of  them.  The 
edges  K  and  p.  and  r  and  s  should  be  in  the  same  vertical  planes, 
so  that  when  one  of  the  edges  M  or  r  is  brought  against  a  cer- 
tain parallel  or  line  on  the  plate,  the  corresponding  edge  p 
or  s  will  be  in  the  same  vertical  plane.     The  man  doing  the  work 
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is  thus  enabled  to  obtain  horizontal  measurements  from  the 
edges  of  the  upper  surfaces  of  the  parallels.  With  the  use  of 
these  parallels,  it  is  unnecessary  to  use  the  old-fashioned  high 
surface  gauge,  which  could  never  be  depended  on  because  of  the 
spring  of  its  parts. 

774  At  the  front  of  the  plate  axe  shown  two  V  bloclra  o 
that  are  extremely  useful  in  laying  out  pieces  having  turned 
ends,  or  any  form  that  must  be  supported  in  this  manner. 
At  A  is  shown  a  special  T  square,  which,  for  some  classes  of 
work,  is  more  useful  than  an  ordinary  square  for  drawing  vertical 
lines,  owing  to  the  fact  that  there  is  little,  if  any,  danger  of  the 
portion  in  contact  with  the  plate  becoming  displaced;  while 
if  an  ordinary  square  were  used,  the  arm  or  beam  in  contact 
with  the  plate  must  be  made  very  heavy  to  balance  the  long 
blade.  

EXAHPLE8    OF    LAyiNQ    OUT 

78.  Locating  Centers  of  Circles.— When  it  is  neces- 
sary to  draw  a  circle,  the  center  of  which  falls  in  an  opening  or 
cored  hole,  a  strip  of  wood,  or  other  material,  must  be  fitted 
across  the  opening,  and  the  center  located  on  it.  As  wood  is 
too  soft  to  give  a  good  center  to  work  from,  it  is  usual  to  place 
a  piece  of  metal  on  it  where  the  center  is  required.  This  piece 
of  metal  may  be  a  tack  driven  into  the  wood,  the  center  being 
located  on  the  head;  or  a  triangular  piece  of  tin  having  the 
comers  bent  at  right  angles  to  the  surface,  so  that  they  can  be 
driven  into  the  wood,  the  center  being  located  on. the  flat 
surface  of  the  tin. 

79.  Use  of  Screw  Jacks. — Small  screw  jacks  having 
fiat  sides  on  the  body  of  the  jack  are  sometimes  used  to  locate 
centers,  the  screw  jack  being  placed  across  the  hole  and  the 
center  located  on  its  side,  as  shown  in  Fig.  42  (a).  After  the 
center  is  located,  the  bolt-hole  circle  is  drawn,  and  the  required 
holes  spaced  off  on  it.  If  the  cored  hole  is  too  large  for  one 
screw  jack  to  reach  across,  two  screw  jacks  may  be  placed 
with  their  liases  together,  as  shown  in  (d),  and  the  center 
located  on  them. 
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80.  Laying  Off  Subdivisions  of  .Circle.— When  a 
circle  is  to  be  divided  into  4  or  6  parts,  or  into  multiples  of 
4  or  6  parts,  it  is  usual  to  draw  diameters  dividing  it  into  this 
number  of  parts  first,  and  then  make  any  additional  sub- 
divisions from  these  points.  Four  divisions  can  be  easily 
obtained  by  drawing  two  diameters  at  right  angles,  the  work 
being  mounted  on  the  laying-out  plate,  the  horizontal  diameter 
being  obtained  with  the  surface  gauge,  and  the  vertical  one  by 
means  of  a  square. 

81.  To  lay  off  six  divisions,  set  the  dividers  equal  to  the 
radius  of  the  circle  and  then  step  them  around  the  circum- 


ference  of  the  circle,  when  it  will  be  found  that  the  radius  will 
make  six  equal  divisions.  To  determine  the  dimension  to 
which  the  dividers  must  be  set  to  lay  off  any  other  number  of 
divisions,  up  to  and  including  100,  Table  I  is  given.  By  its  use, 
the  dividers  may  be  set  very  closely,  and  much  of  the  time  and 
trouble  L' jually  spent  in  getting  the  dividers  properly  set  by  step- 
ping them  around  with  trial  distances  may  be  avoided.  The 
numbers  in  the  column  headed  N  indicate  the  number  of 
divisions  into  which  the  circle  is  to  be  divided,  and  the  numbers 
in  the  column  headed  S  are  the  factors  that,  when  multiplied 
by  the  diameter,  expressed  in  inches,  of  the  circle  to  be  divided 
give  the  measurement  to  which  the  dividers  must  be  set  to 
lay  off  the  required  number  of  subdivisions  of  the  circle. 
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Example. — If  it  is  required  to  divide  a  62-inch  circle  into  44  equal 
parts;  what  will  be  the  distance  to  which  the  dividers  should  be  set? 


TABLE  I 

FACTOaa    FOB    FINDING    DIUENSIONS    FOB   DIVIDING   CIBCLB8 


N 

S 

N 
26 

S 

N 

S 

N 

S 

, 

,120540 

51 

061560 

76 

041325 

2 

>7 

,116090 

52 

060379 

77 

040788 

3 

86603 

28 

.111970 

53 

059240 

78 

040267 

4 

70711 

29 

.108120 

54 

058145 

79 

039757 

5 

58779 

30 

.104530 

55 

057090 

80 

039260 

6 

50000 

31 

.101170 

56 

056071 

81 

038775 

7 

43388 

32 

,098018 

57 

055089 

82 

038303 

8 

38268 

33 

.095056 

58 

054139 

S3 

037841 

9 

34202 

34 

.092269 

59 

053222 

84 

037391 

lo 

30902 

35 

.089640 

60 

052336 

85 

036953 

11 

28.73 

36 

.087156 

61 

051478 

86 

036522 

12 

25882 

37 

,084804 

62 

050649 

87 

036103 

13 

23932 

38 

,082580 

63 

049845 

88 

035692 

14 

22252 

39 

,080466 

64 

049068 

89 

035291 

15 

20791 

40 

.078460 

65 

048312 

90 

034899 

16 

19509 

41 

.076549 

66 

047582 

91 

034516 

17 

t8375 

42 

.07473  ■ 

67 

046872 

92 

034141 

i8 

■7365 

43 

.072995 

68 

046184 

93 

033774 

19 

16460 

44 

.071339 

69 

0455>5 

94 

033415 

30 

15643 

45 

.069756 

70 

044865 

95 

033064 

21 

14904 

46 

.068243 

71 

044232 

96 

032719 

22 

14232 

47 

.066793 

72 

043619 

97 

032381 

23 

13617 

48 

.065401 

73 

043022 

98 

032051 

24 

13053 

49 

.064073 

74 

043441 

99 

031728 

25 

12533  ■!  50  1 

.062791 

Ji 

041875 

100 

031411 

Solution. — Opposite  44  in  the  column  marked  N  of  the  table,  and  in 
the  column  marked  S,  is  found  .071339.     Multiplying  this  factor  by  the 
diameter  of  the  circle,  the  required  distance  is  found  to  be 
.071339X62-4.423018  in.    Ans. 
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For  ordinary  work  it  would  not  be  necessary  to  set  the  dividers  closer 
than  to  hundredths  of  an  inch ;  hence,  the  dividers  may  be  set  to  4.^  inches. 
Since  44  is  divisible  by  4,  the  circle  may  be  divided  by  two  diametere 
drawn  at  right  angles,  and  the  spaces  marked  off  from  the  four  points  thus 
obtained. 

82.-  Reducing  Error  When  SubdUldlng  Circles. — It 

is  always  best  in  laying  off  divisions  of  a  circle  to  locate  either 
4  or  6  points  accurately,  when  possible,  and  to  work  from  these, 
as  this  reduces  the  effect  produced  by  means  of  a  slight  mis- 
take in  the  setting  of  the  dividers ;  for  if  the  circle  were  all  laid 
off  from  one  point,  and  the  dividers  were  set  to  a  distance 
slightly  greater  than  that  required,  the  last  division  would  be 
smaller  than  the  others  by  an  amount  equal  to  this  error  mul- 
tiplied by  the  whole  number  of  spaces  in  the  circle.  But  by 
dividing  the  cirde  into  4  or  6  parts,  and  then  stepping  off  the 
spaces  each  way  from  each  of  these  points,  the  total  error  at 
any  given  point  will  only  amount  to  the  error  in  setting  the 
dividers  multiplied  by  the  number  of  spaces  marked  off  from 
the  givpn  point. 

83.     laying  Out  Bolt  Holes   for  Pipe  Flanges. — la 

Fig.  37  at  the  right-hand  side  of  the  plate  is  shown  a  casting 
for  a  branch  pipe  in  which  it  is  required  to  lay  out  bolt  holes 
for  the  different  flanges.  The  pipe  is  leveled  by  blocking  up 
the  small  end  t  until  the  large  end  a  stands  square  with  the 
plate  or  table.  The  branch,  or  arm,  u  is  next  raised  until  the 
surface  b  is  square  with  the  table.  Wooden  strips  are  fitted 
across  the  ends  of  the  pipe,  as  shown  at  c,  this  fitting  usually 
being  done  before  leveling  up  the  pipe,  so  as  not  to  displace 
the  setting  by  driving  in  the  wooden  strips.  After  the  wooden 
strips  are  in  place  and  the  pipe  is  leveled  up,  the  trammels  are 
set  to  approximately  the  radius  of  the  circle  e  that  has  been 
turned  on  the  end  of  the  pipe  while  in  the  machine.  With 
these  trammels,  the  arcs  at  d  are  drawn  and  a  center  located 
between  them.  Usually,  a  "small  piece  of  tin  or  other  metal 
is  placed  at  the  center  of  the  wooden  strip,  to  receive  the  cen- 
ter when  located.  After  this,  the  trammels  or  dividers  are  set 
to  the  radius  of  the  bolt  circle  /  and  this  circle  is  drawn. 
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84.  If  the  drawing  calls  for  an  even  number  of  holes,  a 
surface  gauge  is  set  to  the  center  and  a  line  drawn  across  the 
flange,  as  shown  at  vx.  This  line  may  be  continued  across 
all  three  of  the  flanges.  If  the  number  of  holes  is  a  multiple 
of  4,  a  vertical  line  is  also  drawn  by  means  of  a  square,  or  a 
T  square  similar  to  that  shown  at  k,  thus  locating  the  top  and 
bottom  holes  y  and  z.  The  other  holes  are  spaced  off  from  these 
by  means  of  dividers.  In  case  of  any  number  of  holes,  whether 
odd  or  even,  the  setting  of  the  dividers  can  be  obtained  by  the 
method  described  in  Art.  81.  In  Fig.  37,  12  holes  are  shown 
in  the  flange  a.    When  the  holes  in  the  three  flanges  must  have 


some  fixed  relation  to  one  another,  the  horizontal  line  ii  %  is 
carried  around  all  three  faces,  and  the  holes  laid  off  from  this 
as  required. 

85.  Laying  Out  Large  Journal  Cap. — At  the  left-hand 
comer  of  the  plate,  Fig.  37,  is  shown  a  journal  cap  in  the  process 
of  being  laid  out.  The  casting  is  blocked  up  on  the  plate  so 
that  the  front  and  back  faces  are  approximately  square  to  the 
surface,  and  the  center  line  i  is  drawn  midway  between  the 
points  ;'.  The  shoulders  k  are  laid  off  at  equal  distances  from 
the  center  line  i,  and  a  proper  allowance  for  finish  is  made  at 
the  top  of  the  bearing,  after  which  the  lines  /  are  drawn,  so  that 
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the  vertical  distance  from  the  horizontal  plane  passing  through  / 
to  the  point  determined  at  the  top  of  the  bearing  is  equal  to 
the  radius  of  the  finished  bearing.  The  lines  q  on  the  flanges 
of  the  cap  are  next  drawn  the  proper  distance  above  the  lines  /. 
After  this,  the  cap  is  planed  before  the  holes  for  bolting  down 
the  cap  are  laid  out  or  drilled. 

86.    Laying  Oat  Crank-Arm. — The  crank-arm  shown  in 
Fig.  43  may  be  laid  out  as  follows:    The  piece  is  first  placed 


on  its  side,  with  the  parallel  a  imder  the  small  end.  A  sur- 
face gauge  is  set  to  the  center  of  the  hub,  which  has  been  deter- 
mined by  placing  a  wooden  strip  g  across  the  hub.  and  locating 
a  center  h  on  it  by  means  of  dividers.  After  this,  the  parallel  a 
is  pushed  under  the  end  of  the  arm  until  the  small  end  is  raised 
so  that  the  point  of  the  dividers  is  level  with  the  center  of  the 
arm.  Then  the  line  b  b'  b"  is  drawn.  After  this  the  arm  is 
clamped  to  an  angle  plate,  as  shown  in  Fig.  44,  the  line  b  b' 
being  brought  vertical  by  means  of  a  square.  The  surface 
gauge  is  set  to  the  center  h  and  the  line  c  c'  drawn.     Substitut- 
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ing  a  longer  spindle  in  the  surface  gauge,  it  isnext  set  so  that 
its  point  will  be  above  the  line  c  c'  an  amount  equal  to  the  dis- 
tance between  the  two  holes  in  the  arm,  and  the  line  dd'  is 
drawn.  This  locates  the  center  of  the  hole/,  after  which  the 
circles  at  e  and  /  may  be  drawn  with  dividers  and  marked  ofE 
with  prick-punch  marks,  as  shown,  ready  for  drilling  or  boring. 

87.  Laying  Oat  Crosshead. — The  method  of  laying  out 
a  crosshead  is  governed  principally  by  the  design  of  the 
crosshead.  The  form  shown  in  Fig.  45  is  one  provided  with 
adjustable  shoes,  the  end  hk'  of  the  crosshead  beii^  con- 


siderably narrower  than  the  end  a.a',  so  that  as  the  shoes  are 
moved  along  on  these  inclined  surfaces  they  will  be  expanded. 
The  method  of  laying  out  is  as  follows:  The  crosshead  is 
placed  on  the  table,  with  blocking  under  the  piston-rod  end, 
and  wedges  under  both  sides  of  the  connecting-rod  end,  as 
shown  in  the  illustration.  If  the  piston-rod  end  is  to  be  turned 
at  the  part  marked  d,  the  casting  is  usually  made  with  a  metal 
bridge  /,  which  is  cut  out  after  the  rest  of  the  machine  work 
has  been  done.  If  no  such  metal  bridge  exists,  a  wooden  strip 
must  be  inserted  at  this  point  on  which  to  locate  the  center  /, 
Wooden  blocks  are  also  placed  in  the  holes,  as  shown  at  e, 
and  in  the  center  of  the  piston-rod  hole  in  the  end  d. 
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88.  Chalk  or  white  paint  is  applied  in  a  broad  line  wherever 
the  laying-oS  lines  are  to  be  placed,  as  shown  by  the  broad, 
dark  marks  in  the  illustration.  The  centers  of  the  holes  for 
the  connecting-rod  pin  and  for  the  piston  rod  are  now  found, 
and  the  casting  is  leveled  up  by  them  and  brought  square 
with  the  table  at  the  connecting-rod  end.  If  the  cored  holes 
for  the  piston-rod  or  crosshead  pin  are  not  in  the  correct  rela^ 
tive  position,  the  body  of  the  casting  may  be  shifted  somewhat, 
to  bring  them  into  such  a  location  that  aU  can  be  finished  to 
the  required  dimensions.  When  these  points  arc  definitely 
located,  the  center  line  i  j  is  drawn  on  all  sides  of  the  work. 
The  centers  at  each  end  of  the  crosshead  pinholes  e  arc  laid  off 
the  proper  distance  from  the  piston-rod  end  d,  and  a  circle  is 
drawn  at  each  end  of  the  crosshead  pinhole.  A  circle  is  also 
drawn  for  the  piston-rod  hole.  The  slot  %  for  the  piston-rod 
key  is  next  laid  off  the  proper  distance  from  the  end  d.  This 
slot  is  sometimes  made  with  round  ends  and  sometimes  with 
square  ends,  depending  on  the  conditions  specified  in  the 
drawing. 

89.  The  line  a  a'  is  drawn  the  correct  distance  from  the 
center  e,  this  line  being  located  by  means  of  a  square  that  is 
set  on  the  table.  The  lines  ah  and  a'h'  are  not  parallel  to 
the  table,  on  account  of  the  tapered  form  of  the  crosshead 
body,  and  in  order  to  determine  these  lines,  the  following 
process  may  be  used :  The  taper  is  usually  given  as  so  much 
per  foot  on  the  drawing,  and  this  amount  may  be  marked  oflf 
from  a  and  a',  as  shown  at  b  and  b'.  After  this,  short  vertical 
lines  are  located  at  c  and  c',  1  foot  from  the  line  a  a',  and  the 
surface  gauge  is  set  to  the  point  b,  and  a  mark  made  at  c.  It 
is  then  set  to  b',  and  a  mark  made  at  c',  thus  establishing  two 
[)oints  on  the  inclined  lines.  After  this  a  straightedge  may 
be  laid  through  the  points  a  and  c  and  the  line  a  h  drawn,  and 
then  through  the  points  a',  c'  and  the  line  a' k'  drawn.  The 
lugs  k  must  be  drilled  for  screws  to  operate  the  crosshead  shoes. 
These  screw  holes  may  be  located  by  drawing  horizontal  lines 
on  the  piston-rod  end  of  the  lugs  by  means  of  the  surface  gauge. 
These  lines  must  be  the  profxr  distance  from  the  center  line 
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of  the  CTX>sshead.  After  this,  the  center  of  the  lugs  may  be 
found  by  means  of  dividers,  and  the  circles  representing  the 
holes  laid  out. 

90.  Laying  Out  Engine  Bed. — The  method  of  laying 
out  an  engine  bed  differs  according  to  the  type  of  bed,  but  the 
essential  features  of  the  process  are  the  same.  Usually,  the 
work  has  to  be  done  in  two  or  three  operations,  as  some  of 
the  surfaces  must  be  machined  before  the  last  part  of  the 
laying  out  can  be  done. 

The  bed  chosen  for  illustration  is  shown  in  Fig.  46,  and  is 
of  the  soHd  cast  type,  having  bored  guides,  the  bearing  for 
the  crank-shaft  being  cast  solid  with  the  bed  and  the  cylinder 
being  arranged  to  bolt  to  the  end  of  the  bed.  The  bed  cast- 
ing a  is  placed  on  the  laying-out  or  machine  table,  right  side 
up,  with  blocks  under  it  at  intervals,  as  shown  at  b,  b.  Wooden 
strips  are  fitted  across  the  ends  of  the  guides,  as  shown  at  r, 
and  across  the  sides  of  thejaws  for  the  crank-shaft  bearing, 
as  shown  at  c.  The  centers  of  the  guides  are  located  on  the 
wooden  strips  at  both  ends,  and  those  of  the  jaws  at  both  sides. 
The  bed  is  now  tested  with  the  surface  gauge,  and  set  level  by 
driving  wedges  between  the  bed  and  the  blocks  b.  If  either  of 
the  points  located  does  not  come  true,  the  centers  may  be 
shifted  slightly,  care  being  taken  to  allow  stock  enough  so  that 
the  guides  and  the  jaws  of  the  main  bearing  can  be  &ii^ed. 
Some  beds  of  this  type  have  their  bottoms  planed.  If  the  bot- 
tom is  not  to  be  planed,  it  should  be  left  as  nearly  parallel  with 
the  center  line  dd  as  possible.  After  ha\'ing  adjtisted  the  cen- 
ters of  the  guides  and  the  jaws  so  that  they  all  come  level,  and 
so  that  there  is  sufficient  stock  for  finishing  these  parts,  a  sur- 
face gauge  is  set  to  the  height  of  the  center  of  the  guides, 
and  the  line  d  d  is  drawn  on  painted  strips  or  spots  on  both 
sides  and  ends  of  the  casting,  if  the  bottom  is  to  be  planed, 
the  line //  ^ould  be  drawn  parallel  to  dd,  and  at  the  proper 
distance  from  it.  After  this,  circles  are  drawn  on  the  ends  of 
the  guides,  using  the  centers  in  the  blocks  r.  These  blocks  are 
then  removed,  and  either  a  piece  of  piano  wire  or  a  sea-grass 
fish  line  ee  is  stretched  through  the  guides.     Each  end  of  this 
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line  is  secured  to  an  upright  and  adjusted  until  it  is  located 
centrally  with  the  circles  scribed  on  the  ends  of  the  guides. 
The  distance  from  this  line  ee  to  the  center  of  the  crank-shaft 
bearing  is  obtained  from  the  drawing.  A  square  is  then  brought 
against  the  line  e  e,  and  measuring  from  the  square,  the 
line  gg  is  marked  on  the  top  of  the  jaws  of  the  bearing. 
The  distances  h  are  obtained  from  the  drawing,  and  the 
lines  i  i  and  i'  i'  are  drawn  so  as  to  determine  the  amoimt  of 
stock  to  be  removed  from  each  end  of  the  bearing. 

91.  The  height  of  the  governor  pad  from  the  bottom  of 
the  bedplate  is  marked  off  at  /,  and  the  amount  to  be  removed 
from  the  rocker-arm  hub  is  laid  off  at  k.  After  this,  the  end 
of  the  bed  to  which  the  cylinder  is  to  be  bolted  is  also  laid  off, 
the  line  m  n  being  drawn,  thus  determining  the  amount  to  be 
faced  from  this  end.     The  distance  from  the  end  of  this  face 


to  the  center  of  the  Ijearing  should  aj^rce  with  the  drawing. 
Most  of  the  faces  already  determined  must  now  be  machined, 
after  which  the  lines  o  p.  s  t,  and  o  t  may  be  laid  off  on  the  jaws 
of  the  bearing,  and  the  center  of  the  rodter-shaft  hub  at  k 
may  be  laid  off  the  proper  distance  below  the  center  line.  After 
the  guides  are  bored  and  the  end  faced  off  to  the  line  m  n,  the 
bolt  circle  may  be  drawn  on  this  end,  and  the  bolt  holes  laid 
out  in  a  manner  similar  to  that  described  for  the  laying  out  of 
bolts  and  flanges  in  Art.  83. 
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If  the  laying  out  is  done  on  a  table  hax'ing  lines  running 
both  lengthwise  and  crosswise,  it  will  simplify  matters  to 
adjust  the  bed  so  that  some  one  line  corresponds  with  the  cen- 
ter line  ee,  after  which  many  of  the  measurements  may  be 
obt^ed  from  the  other  lines. 

92.  Laying  Out  Ends  for  Small  Itods. — ^A  convenient 
method  of  laying  out  the  ends  of  small  rods  is  shown  in  Fig.  47, 
where  the  piston  rod  a  is  placed  on  V  blocks  that  bring  it  level. 
A  stake  or  post  b  is  put  into  a  hole  in  the  plate  or  table,  to  which 
it  has  been  fitted,  so  that  it  stands  perpendicular,  as  shown, 
with  its  upper  end  through  the  holes  in  the  fork  c,  fitting  it 
accurately.  The  top  end  of  the  post  b  has  a  small  center- 
punch  mark  in  it,  which  provides  a  convenient  center  from 
which  to  draw  the  circle  d  for  the  roiuided  end  of  the  fork. 
After  the  fork  has  been  revolved  to  a  vertical  position  and  set 
to  a  square,  the  iiarallcl  edge  lines  from  e  tangent  to  this  circle 
are  drawn  by  means  of  a  surface  gauge. 
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(PART  1) 
ERECTING  TOOLS  AND  APPLIANCES 


INTRODUCTION 

1.  Erecting  is  the  putting  together,  assembling,  or  building 
of  a  whole  from  its  parts.  It  refers  to  any  mechanism  or  appa- 
ratus of  appreciable  size,  such  as  an  engine,  dynamo,  machine, 
or  other  mechanical  device  commonly  used  in  the  various 
engineering  industries.  It  may  be  said  to  be  divided  into  two 
classes:  shop  and  field  erecting. 

2.  On  the  completion  of  the  parts  of  any  mechanism,  it  is 
customary  to  assemble  these  together  in  the  shop  where  they 
have  been  built,  in  order  to  test  the  device  as  a  whole.  When 
such  shop  tests  have  been  satisfactorily  carried  out,  the  mecha- 
nism is  next  usually  disassembled  into  parts  or  units  of  con- 
venient size  and  packed  ready  for  transportation  to  its 
destination.     This  hrst  assembly  is  called  shop  erecting. 

3.  After  arrival  at  its  destination,  the  several  parts  or  units 
are  once  more  assembled  or  erected  as  a  whole,  the  mechanism, 
however,  being  placed  this  time  in  its  final  working  position;  it 
is  ag^  tested,  and,  if  the  conditions  of  the  contract  have  been 
met,  is  delivered  to  the  purchaser.  This  second  assembly  is 
called  field  erecting. 

The  parts  forming  the  complete  mechanism  are  sometimes 
shipped  direct  to  their  destination  without  first  being  assembled 
and  tested  in  the  shop  where  built.     When  this  is  done,  however, 
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it  is  tisually  owing  to  extraordinary  conditions,  such  as  lack  of 
time  in  the  fulfUment  of  a  contract,  inadequate  assembling  or 
testing  fadUties,  too  great  expense,  or  to  duplicate  apparatus 
having  already  been  built  so  that  there  is  full  assurance  that 
all  parts  will  go  together  without  any  preUminary  fitting  or 
adjusting. 

4.  The  tools  and  appliances  used  in  erecting  are  those 
employed  in  bench,  vise,  and  floor  work,  together  with  pinch 
bars,  rollers,  blocking  devices,  hoists,  trucks,  etc. 


PINCH   BARS,    ROLLERS,    AND   BLOCKINO   DE^^CES 

PINCH    BABS    AND    BOLLBB8 

6*  A  pinch  bar  is  an  iron  or  steel  bar  used  to  pry  up  or 
move  heavy  objects.  The  most  common  form  of  pinch  bar. 
Fig.  1  (a),  is  a  straight  bar,  one  end  of  which  has  a  flat,  wedge- 
shaped  point  turned  slightly  to  one  side,  and  the  other  end 


of  which  is  round  and  shghtly  tapering  to  form  a  handle.  This 
form  of  bar  is  usually  about  4  to  6  feet  long.  The  smaller 
pinch  bars  are  from  2  to  4  feet  long,  and  are  made  of  f-inch  or 
f-inch  octagonal  steel,  as  shown  at  (6). 

A  rather  convenient  form  of  pinch  bar  that  is  well  adapted 
for  lifting  and  moving  quite  heavy  weights  is  illustrated  in 
Fig.  1  (c) .  The  bar  is  moimted  on  two  wheels,  and  consequently, 
when  it  supports  a  heavy  weight,  the  bar  and  weight  can  be 
easily  shifted. 

6.  Rollers  are  cylinders,  either  of  wood  or  metal,  and  of 
various  diameters  and  lengths,  which  are  placed  under  a  piece 
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of  apparatus,  thus  enabling  it  to  be  readily  moved  for  short 
distances.  When  metal  rollers  are  used  and  the  weight  of  the 
apparatus  is  not  too  great,  they  are  generally  made  of  pipe, 
not  only  because  they  are  lighter  and  cheaper  in  cost,  but  also 
because  they  are  more  easily  kept  in  alinement  when  in  use 
either  by  inserting  a  bar  and  moving  them,  or  by  hitting  them 
with  a  sledge. 

BLOCKS    AND   TKB8TLBH 

7.  Any  material  or  device  employed  in  temporarily  sup- 
porting work  in  process  of  erection,  is  known  as  bUxking.  The 
purpose  of  such  supports  is  either  to  aline  the  work  in  some 
particular  manner,  to  raise  it  into  a  certain  position,  or  to  move 
it  in  a  given  direction  so  that  the  assembling  or  erecting  may  be 
the  more  readily  accomplished. 

The  form  of  the  blocking  depends  on  the  class  of  work  on 
which  it  is  used  and  the  service  it  is  intended  to  perform. 
Frequently  both  the  simplest  and  the  most  elaborate  block- 
ing devices  are  used  advantageously  on  the  same  piece  of  work. 
Among  the  simpler  forms  may  be  mentioned  wooden  blocks, 
iron  blocks,  and  trestles,  or  horses,  while  the  more  elaborate 
forms  include  various  kinds  of  screw  jacks,  ratchet  jacks,  and 
hydraulic  jacks. 

8.  Wooden  Blocks. — Wooden  blocks  are  used  to  a  con- 
siderable extent  in  assembling  even  the  heaviest  apparatus, 
especially  in  the  field  where  facilities  for  erecting  are,  as  a 
rule,  not  so  good  as  in  the  shop  in  which  the  apparatus  is  built. 
The  blocks  are  usually  square  in  cross-section  often  as  large  as 
14  in.  X  14  in.  and  of  length  varying  from  1  to  6  feet.  When 
blocks  of  this  kind  arc  to  be  used  only  once  and  then  discarded, 
soft  wood,  such  as  pine,  is  generally  selected;  but  if  for  constant 
service,  hard  wood,  like  oak  or  hickory,  is  to  be  preferred. 
Scffnetimes  small  wooden  blocks  or  wedges  are  used  for  leveling 
apparatus  on  its  foundation  before  grouting,  or  cementing,  it 
in  position.  Hard  wood  shoiJd  always  be  employed  for  this 
purpose,  and  the  blocks  should  be  so  placed  that  the  grain  is 
at  right  angles  to  the  pressure. 
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9.  Iron  Blocks. — Iron  blocks  are  used  more  frequently 
in  the  shop  than  in  the  field,  as  they  are  more  pennanent  and 
keep  their  dimensions  better.  Their  greater  weight  is  not  a 
factor  to  be  considered,  since  they  are  not  transported  great 
distances  as  in  field  erecting.  When 
blocks  are  piled  on  top  of  one  another  in 
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service,  provision  is  sometimes  made 
against  slipping  by  means  of  slots  or 
holes  in  the  blocks  into  which  T  bolts  or 
dowel-pins  are  inserted  to  lock  adjacent 
blocks  together. 

The  simplest  and  the  most  common 
fonns  of  iron  blocking  are  large  parallels 
used  in  connection  with  machine  tools. 
Large  paralUh,  or  paralUt  blocks,  as  they 
''"'■  *  are  often  called,  are  usually  made  hol- 

low, and  arc  well  ribbed  in  order  to  safely  cany  the  great 
weight  often  placed  upon  them.  Cylindrical  blocks  are  also 
largely  used. 

10.  Two  excellent  styles  of  parallel  iron  blocks  are  shown  in 
Figs.  2  and  3.  The  form  of  the  block  shown  in  Fig.  2  combines 
considerable  strength  with  lightness.  It  is  planed  all  over 
so  that  opposite  sides  are  parallel  and  adjacent  sides  are  at  right 
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angles.  When  a  number  of  such  blocks  are  made,  it  is  advisable 
to  make  their  corresponding  dimensions  equal,  in  order  that  the 
blocks  may  be  used  in  pairs.  The  block  shown  in  Fig,  2  is 
so  constructed  that  a  number  of  equal  blocks  may  be  piled  up 
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to  suit  the  requirements  of  the  work  and  then  form  practically 
a  single  block.  Holes  for  dowel-pins  are  drilled  in  correspond- 
ing positions  in  the  four  faces  of  each  block.  The  dowel-pins 
are  made  a  good  fit;  they  prevent  the  blocks  from  slipping  on 
each  other  and  at  the  same  time  permit  them  to  be  readily 
separated.    One  of  the  dowel-pins  is  shown  at  a. 


11.  The  block  shown  in  Fig.  3  has  the  general  fonn  of  a 
box;  it  is  finished  all  over  and  is  provided  with  T  slots  and 
V  grooves,  as  shown.  The  V  gooves  in  the  sides  permit  the 
block  to  be  used  with  either  side  up  for  round  work;  the  T  slots 
allow  the  work  to  be  fastened  to  the  block,  or  the  block  to  be 
secured  in  portion  by  bolts.  Blocks  of  this  type  may  be  used 
singly,  or  they  may  be  piled  up  to  any  height  that  the  work 
may  require. 
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12.  Cylindrical  Iron  blocking,  which  is  quite  convenient 
for  some  classes  of  work,  is  shown,  together  with  its  application 
to  a  piece  of  work,  in  Fig.  4.  The  blocking  resembles  a  short 
section  of  flanged  cast-iron  pipe;  the  sections  may  have  the 
flanges  strengthened  by  ribs,  as,  for  instance,  the  sections  a; 
or,  the  flanges  may  be  plain,  as  those  of  the  sections  b.  The 
flanges  should  be  faced  straight  and  parallel  with  each  other, 
and  the  different  sections  should  all  have  the  same  length. 

A  lighter  form  of  pipe  blocking  is  made  of  wrought  iron  or 
steel  pipe  that  is  threaded  at  both  ends  to  receive  flanges. 
The  latter  should  be  faced  after  they  are  screwed  on  the  pipe. 

13.  Trestles. — The  trestle  is  used  as  a  support  for  lai^e, 
but  comparatively  Ught.  work.     It  may  be  made  as  is  shown 

in  Fig.  5.  The  legs  should  be 
cut  so  as  to  leave  a  shoulder  a, 
and  should  be  bolted  to  the 
beam  b  by  bolts  passing  through 
the  legs  and  the  beam.  When 
constructed  in  this  way  all  the 
stress  does  not  come  on  the 
bolts.  When  great  stiffness  is 
desired,  or  when  the  weight  to 
^"^'^  be  supported  is  rather  heavy. 

the  legs  may  be  tied  together  near  the  bottom  by  boards  nailed 

across  them.  

JACKS 

14.  In  addition  to  the  parallel  blocks  just  described,  the 
lifting  device  known  as  a  Jack  is  almost  indispensable  in  all 
kinds  of  floor  work,  especially  in  erecting.  Jacks  are  made  in 
a  large  variety  of  styles  and  sizes,  from  those  intended  for 
leveling  up  light  work  on  the  tables  of  machine  tools  to  the 
heavy  screw  jacks  and  hydrauhc  jacks  capable  of  raising  or 
supporting  500  tons  or  more.  They  are  used  for  a  wide  range 
of  work. 

15.  Simple  Leveling  Jack. — The  simplest  form  of  jack 
consists  of  a  circular  cast-iron  foot  a,  Fig.  6,  which  is  faced  at 


:dbv  Google 


§25 


ERECTING 


the  bottom  and  has  a  tapped  hole  through  it.  A  square- 
headed  screw  b  with  a  slightly  rounded  top,  as  shown,  is  used 
for  raising  the  work.  This  style  of  a  screw 
jack  is  employed  principally  in  leveling  up 
work  on  the  tables  of  machine  tools, 
although  it  will  be  seen  later  that  similar  [ 
jacks  are  sometimes  made  in  large  sizes  and  \ 
used  in  erecting. 

When  in  use  these  jacks  are  set  on  the 
table  of  a  machine  tool  in  their  proper  posi- 
tions; the  work  which  is  to  be  machined  is 
then  placed  on  them  and  leveled  with  the 
aid  of  a  level  or  other  device,  the  screws 
being  turned  up  or  down  as  required  by 
means  either  of  a  wrench  applied  to  their 
heads  6  or  by  a  bar  thrust  through  the 
holes  c. 

1 6*     AdJ  ujstablerTop  Leveling  Jack . 

A  small  jack,  with  an  adjustable  cap,  which 
is  very  serviceable  for  machine-tool  work  and  light  assembling, 
is  shown  in  Fig.  7.  The  body  a  is  tapped  to  receive  the 
adjusting  screw  b,  which  has  a  square  top  and  holes  for  the 
rod  c.  The  cap  d  is  attached  to  the  screw  by  a  ball-and-socket 
joint,  so  as  to  permit  the  cap  to  accommodate  itself  to  the 
angle  of  the  work.     When  a  soUd  or  conical  top  is  more 


suitable  for  the  work,  a  second  screw  e  is  substituted  for  b. 
The  foot  of  the  body  a  is  countcrbored  to  fit  the  projection  on 
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the  atutiliary  base  /,  which  may  be  placed  under  the  jack  when 
a  greater  heieht  is  required.    Auxiliary  bases  of  different 
heights  may  be  used  as  needed.    A  special  base  g  is  used 
where  a  good  footing  for  the  larger  base  can- 
not be  obtained. 

17.  Screw  Lifting  Jack. — When  jacks 
are  required  for  lifting,  a  different  design  with 
a  greater  screw  travel  becomes  necessary,  of 
which  Fig.  8  is  an  illustration.  The  head  of 
the  screw  is  made  with  a  cast-iron  cap  a  that 
rests  on  a  solid  collar  b;  the  upper  end  of  the 
screw  is  turned  down  to  pass  through  the  cap 
and  is  beaded  over  to  prevent  the  cap  from 
coming  off.  A  round  bar  inserted  in  the  holes 
at  b  is  used  to  turn  the  screw. 

18.  The  jack  shown  in  Fig.  8  can  be  used 
with  a  straight  handle 

only  where  the  screw 
^"'  *  can  be  turned  through 

an  angle  of  at  least  90°  at  each  setting 
of  the  bar.  By  bending  one  end  of 
the  bar  through  an  angle  of  22^°,  and 
inserting  the  bent  and  straight  ends 
alternately,  the  angle  through  which 
the  screw  turns  for  each  insertion  of 
the  bar  is  greatly  reduced.  The  jack 
can  thus  be  operated  in  a  compara- 
tively narrow  space;  but  the  constant 
resetting  of  the  bar  consumes  so  much 
time  that  this  method  becomes  objec-  ' 
tionable  where  much  work  of  this  kind 
is  to  be  done.  Much  time  and  hard 
work  is  saved  by  the  use  of  a  jack  — 

fitted  with  a  reversible    ratchet    for 

operating  the  screw,  as  the  handle  of  the  ratchet  can  be  turned 
back  more  easily  and  quickly  than  a  bar  can  be  removed, 
turned   end   for  end,   and  again  inserted.     With  a  properly 
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fonned  ratchet,  the  jack  can  be  operated  in  a  very  much 
smaller  F^iace  than  one  operated  by  a  detachable  bar. 

19.  Batchet  Lifting  Jack. — A  typical  form  of  ratchet 
lifting  jack  is  shown  in  Fig.  9.  Jacks  of  this  class  are  used  for 
various  Idnds  of  work.  The  load  is  carried  by  either  the  head  a 
or  the  foot  b,  and  is  raised  or  lowered  by  means  of  a  pawl  and 
ratchet  operated  by  a  handle 

bar  not  shown.  The  load  is 
raised  or  lowered  on  both  the 
upward  and  downward  stroke, 
the  direction  being  controlled 
by  the  eccentric  c  at  the  side 
of  the  frame.  These  jacks 
have  capacities  as  great  as 
20  tons. 

20.  Geared,      Ratchet, 
Screw  urtlng  Jacka. — For 

capacities  of  from  20  to 
70  tons,  geared  ratchet  screw, 
or  hydraulic,  lifting  jacks  are 
usually  employed,  instead  of 
jacks  of  the  types  heretofore 
described.  The  introduction 
of  gearing  enables  greater 
.  leverages  to  be  obtained,  with 
consequent  greater  ease  in 
raising  cw  lowering  the  work. 
Fig.  10  shows  a  geared  jack 
having  a  stationary  steel  base  a  ■  ^"^'  "* 

over  which  is  placed  a  sliding  sleeve  b,  also  of  steel.  The  base 
is  hollow  and  has  in  its  top  part  a  removable  bronze  nut  c,  in 
which  the  steel  screw  d  turns.  A  steel  bevel  gear  e  is  fitted  to 
the  upper  end  of  the  screw  and  upon  it  rests  a  hardened  steel 
plate  /  on  which  are  placed  circular  trains  of  hardened  steel 
balls  g  held  in  position  by  stee!  rings  A.  A  second  hardened- 
steel  plate  i  rests  in  turn  upon'  the  balls.  The  sliding  sleeve  b. 
which  encloses  the  whole,  supports  the  load  and  is  carried  by 
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this  upper  steel  plate.  The  sleeve  is  raised  and  lowered  by 
the  screw  which  is  turned  by  means  of  a  reversible  pawl  and 
ratchet  in  a  handle  bar,  not  shown,  operating  through  the 
pair  of  bevel  gears. 

21.    Hydraulic  Jacks. — Different  kinds  of  hydraulic  jacks 
are  used  very  largely  in  machine  shops.    They  are  operated  by 


m 


pumping  oil  or  other  liquid  under  a  piston  or  ram.  When 
hydraulic  jacks  are  subjected  to  cold  temperatures,  alcohol 
must  be  used,  on  account  of  its  reastance  to  freezing.  The 
lifting  is  done  by  the  pressure  of  the  fluid  in  the  cylinder.  In 
Fig.  11  (a)  and  (b)  is  shown  a  type  of  hydraulic  jack  consisting 
of  a  forged  steel  cylinder  a  in  which  is  a  hollow  steel  piston  or 
ram  6,  free  to  move  up  or  down.'  At  the  bottom  of  the  ram  and 
forming  part  of  it,  is  a  small  cylinder  c,  centrally  located,  to 
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which  is  fitted  a  plunger  or  rod  d,  and  this  is  in  turn  connected 
by  the  piece  e  to  the  part  /.  which  receives  the  operating  lever, 
or  handle  bar  g.  Two  small  valves,  k  and  i,  for  suction  and 
discharge,  respectively,  are  located  in  the  bottom  of  the  ram, 
the  suction  valve  k  connecting  the  oil  reservoir  ;'  in  the  ram 
with  the  small  central  cylinder  c.  the  discharge  valve  i  connect- 
ing the  small  cylinder  c  with  the  large  outer  cylinder  which 
contains  the  ram.  WhUe  the  ram  is  in  its  lowest  position,  it 
is  entirely  filled  with  liquid,  which  is  poured  into  it  through  a 
small  screw  plug  k,  shown  at  the  top.  In  summer  a  mixture 
of  1  part  grain  alcohol  and  4  parts  distilled  water  by  volume 
is  used,  while  in  winter  the  proportions  used  are  2  parts  of 
alcohol  to  3  parts  of  water.  A  small  amount  of  sperm  oil  is 
usually  added  in  either  case. 

22.  To  operate  the  jack,  the  lever,  which  has  been  placed 
in  position  with  the  lever  lug  /,  Fig.  11,  pointing  downwards, 
is  lifted,  which  raises  the  plunger,  drawing  oil  from  the  reservoir 
through  the  suction  valve  and  into  the  small  central  cylinder, 
the  discharge  valve  remaining  closed.  On  the  downward  stroke 
of  the  lever,  the  plunger  is  pushed  down  until  the  lug  I  comes 
in  contact  with  the  lug  m,  which  forces  the  oil  from  the 
small  central  cylinder  through  the  discharge  valve  into  the 
bottom  of  the  large  outer  cyhnder,  the  suction  valve  remaining 
closed.  As  a  result,  the  ram  is  raised  an  amount  equal  to  the 
volume  of  oil  displaced  from  the  small  central  cylinder.  It 
must  be  imderstood  that  this  distance  will  not  be  equal  to  the 
travel  of  the  piston,  but  will  be  as  much  less  as  the  volume  of 
the  large  outer  cylinder  is  greater  than  the  volume  of  the  small 
one.  To  release  the  jack,  the  lever  is  reversed  so  that  the  lug 
on  it  projects  upwards,  thus  allowing  the  plunger  to  be  forced 
further  down  than  is  permitted  in  its  regular  stroke,  which  causes 
the  plunger  d,  with  its  surroimding  sleeve,  to  press  on  both 
valves,  opening  them  and  allowing  the  oil  to  return  to  the  oil 
reservoir.  Hydraulic  jacks  are  built  for  capacities  ranging  from 
10  to  500  tons.  Their  princijml  advantage  over  the  geared  type, 
in  addition  to  their  greater  range  of  cajjacity,  is  that  they  are 
'considerably  lighter  and  are  even  easier  to  manipulate,  though 
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requiring  a  little  more  care  for  their  proper  maintenance.  They 
should  be  used  only  for  temporary  service,  as  there  is  a  tendency 
to  leak  and  reduce  the  pressure,  in  spite  of  the  best  <£  care. 


FOXmi>ATIONS,  FLOORS,  A29D  PITS 


FOUNDATIONS 

23<  Temporary  Foundations  and  Temporarj  Erect- 
ing.— The  erecting  of  a  machine  is  usually  underetood  to 
include  both  the  first  erecting,  in  the  ^op  where  it  is  built,  and 
the  second  erecting,  on  its  final  foundation.  The  two  differ 
principally  in  the  amount  of  fitting  and  adjusting  that  is  requi- 
site and  the  facilities  for  handling  the  heavier  parts.  The 
fitting  and  adjusting  of  all  the  parts  are  done  in  the  diop. 
except  in  cases  where  some  of  the  parts  are  dependent  on  the 
foundation,  or  must  be  fitted  to  other  parts  that  are  not  avail- 
able in  the  shop.  The  temporary  foundation  on  which  the 
work  is  erected  in  the  shop  is  either  an  erecting  floor  or  a  floor  pil- 

24.  The  machine  should  in  all  cases  be  made  as  complete 
and  as  perfect  as  possible  before  it  leaves  the  shop,  because  tbe 
entire  equipment  of  the  shop  is  available  and  the  work  can  be 
done  to  better  advantage,  whereas  any  fitting  necessary  while 
setting  up  the  machine  upon  its  final  foundation  must  be  done 
with  a  few  light  tools  that  can  easily  be  shipped  from  the  shop 
and  with  such  devices  as  the  workmen  may  be  able  to  contrive. 
The  ingenuity  of  the  erecting  force  is  often  severely  tested, 
and  the  most  skilful  workmen  frequently  find  it  impossible  to 
produce  the  grade  of  work  that  coiJd  readily  be  perforaied 
in  the  shop  at  a  much  smaller  cost.  It  is  therrfore  a  matter  of 
economy  to  be  certain  that  every  part  is  properly  fitted  and 
the  entire  machine  is  as  complete  as  possible  before  it  is  shipped. 
The  erecting  on  the  final  foundation  should  consist  simply  m 
putting  the  parts  together  and  in  makii^  the  final  adjustments. 
This  is,  at  best,  not  an  easy  task,  especially  when  the  machine 
is  heavy,  as  the  facilities  for  handling  are  almost  invariaMy 
temporary  makeshift  devices  that  operate  slowly. 
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25  •  Permanent  Foundation  and  Foundation-Bolt 
Templet. — The  permanent  foundation  is  usually  built  of 
concrete,  brick,  or  stone.  In  building,  due  provision  must  be 
made  for  the  foundation  bolts.  Sometimes  these  bolts  are  built 
solidly  in  the  foundation,  while  at  other  times  they  are  set  in 
pipes  that  hold  the  concrete  or  cement  while  it  hardens,  yet  per- 
mit the  bolts  to  be  adjusted  or  removed  entirely,  if  necessary. 
Is  either  case  the  bolts  must  be  carefully  set,  so  that  when  the 
bed  of  the  machine  is  lowered  in  place  they  will  meet  the  bolt 
holes.  It  is  usually  best  to  make  a  wooden  templet  having 
the  exact  thickness  of  the  bed  parts,  with  holes  in  the  exact 
location  of  the  bolt  holes  in  the  bed  through  which  the  bolts 
pass.  By  locating  such  a  templet  carefully  where  the  machine 
is  to  stand,  the  bolts  can  be  set  to  the  proper  height  and  in  the 
right  places;  the  foundation  may  then  be  built  up  without  any 
danger  of  a  misfit. 

BBECTLNa    FLOORS 

36.  Foundatlona  for  Erecting  Floors. — The  erecting  in 
the  shop  is  done  on  a  floor,  the  construction  of  which  depends 
on  the  weight  of  the  machines  and  the  condition  of  the  earth 
on  which  the  floor  is  built.  When  the  earth  is  dry  and  hard, 
or  there  is  a  rock  bottom  to  build  upon,  the  foundation  of  the 
floor  may  be  shallow;  on  the  other  hand,  when  the  earth  is  wet 
or  unstable,  a  deep  and  solid  foundation  should  be  built  up. 
The  depth  of  the  floor  foundation  depends  on  the  weight  of 
the  heaviest  parts  that  are  liable  to  rest  upon  it. 

27.  Kinds  of  Erecting  Floors. — Erecting  floors  are  made 
in  different  ways,  depending  on  the  class  of  work  to  be  done; 
that  is,  whether  they  are  intended  for  permanent  use  for  one 
class  of  work,  or  for  a  wide  range  of  work,  the  needs  of  which 
cannot  well  be  anticipated  and  for  which  changes  must  con- 
stantly be  made.  The  first  cost,  also,  often  becomes  an  impor- 
tant factor  in  determining  the  style  of  floor  to  be  used.  To 
meet  the  various  requirements,  the  following  kinds  of  floor  are 
made:  earth,  wooden  plank,  scantling,  wooden  block,  brick,  con- 
Crete,  and  iron  plate. 
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28.  Earth  Floors. — Where  the  earth  is  of  a  firm  and  solid 
character  and  little  money  can  be  spent  for  a  floor,  the  earth 
may  be  leveled  and  packed  down  so  as  to  make  a  smooth,  hard 
floor.  Sometimes  the  surface  is  formed  of  a  layer  of  iron  chips 
from  1  to  4  inches  thick  that  are  mixed  with  salt  or  other 
material  that  will  cause  them  to  rust.  When  they  are  well 
packed,  the  surface  will  rust  into  a  solid,  smooth  mass  and  then 
form  a  very  good  floor.  Besides  being  cheap,  the  earth  floor 
can  easily  be  dug  up  to  form  a  pit  to  enable  any  machine  parts 
that  project  below  the  floor  line  to  be  attached.  On  the  <»ther 
hand,  there  is  always  more  or  less  loose  sand  upon  the  surface. 


which  is  liable  to  get  into  the  working  parts  of  a  machine  and 
cause  trouble. 

29.  Single-Plank  Floors. — A  comparatively  inexpensive 
floor  consists  of  3-  or  i-inch  yellow  pine  planking.  laid  across 
joists  that  are  placed  close  together  and  are  well  braced  or 
bridged  sidewise.  The  planks  are  sometimes  covered  with  a 
diagonal  floor  of  J-  to  Ij-inch  pine.  The  spaces  between  the 
timber  should  be  ventilated  to  prevent  rot.  Such  a  floor  is, 
however,  not  very  rigid,  and  hence  the  heaviest  grades  of  work 
require  something  more  solid. 

30.  Double-Plajik  Floors. — A  more  rigid  floor  than  the 
plank  floor  previously  mentioned  is  illustrated  in  Fig,  12.  The 
floor  is  built  up  of  2"X4"  pine  scantling  o,  with  a  facing  erf 
from  J-  to  li-inch  pine  boards  laid  diagonally,  as  shown.  The 
scantlings  are  laid  on  timbers  c,  which  are  placed  in  a  concrete 
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bed.  These  timbers  are  made  4in.X4in.,  4  in.  X 6  in..  or-6in. 
X6  in,,  depending  on  the  duty  for  which  they  are  intended. 
When  the  4"X6"  timber  is  used,  it  is  laid  on  its  flat  side.  The 
thickness  of  the  ojncrete  depends  largely  on  the  condition  of 
the  ground.  If  the  ground  is  of  a  firm  grade,  14  inches  of 
concrete  should  be  sufficient  for  all  ordinary  purposes.  The 
bed  is  built  up  by  first  laying  a  course  of  coarse  stone,  as 
shown  at  d,  and  running  in  some  cement,  then  following  with 
successive  finer  grades  of  broken  stone  and  concrete,  and 
finishing  with  a  fine  grade  of  concrete.  Air  spaces  e  are  left 
between  the  timbers;  these  may  be  ventilated  by  means  of 
openings  through  the  walls  or  by  holes  bored  through  the  floors. 
Many  persons  claim  that  this  precaution  should  be  taken  with 
all  wood  floors  to  prevent  rotting.  The  distance  between  the 
timbers  should  not  be  much  greater  than  the  thickness  of  the 
concrete,  and  it  is  generally  thought  best  to  limit  the  distance 
to  the  thickness.    Excellent  floors  are  made  in  this  way. 

31.  Tar  Concrete  Floors. — A  very  good  floor  is  made 
with  a  base  of  tar  concrete.  The  groimd,  after  leveling,  is 
covered  to  a  depth  of  about  6  inches  with  a  layer  of  sand  that 
is  well  rolled  down.  On  this,  6  inches  of  tar  concrete  is  placed; 
the  concrete  is  composed  of  small  broken  stones  covered  thickly 
with  heated  tar,  and.  after  leveling,  is  rolled  with  a  heavy 
roller.  Finally,  a  layer  of  sand  mixed  with  considerable  tar 
and  some  asphalt  is  applied,  while  hot,  to  a  depth  of  about 
li  inches  and  after  it  is  rolled  down,  is  allowed  to  harden. 
When  hard,  a  layer  of  3-inch  spruce  planking  is  placed  on  top 
of  the  asphalt,  and  IJ-inch  dressed  maple  flooring  in  strips 
about  4  inches  wide  is  finally  nailed  crosswise  to  the  spruce 
planking.  The  maple  flooring  is  not  tongucd  and  grooved. 
No  air  space  is  left  between  the  concrete  and  the  flooring  in 
this  design,  and  the  planking  is  laid  directly  upon  the  concrete. 
The  tar  will  tend  to  make  the  foundation  water-proof.  The 
quality  of  lumber  used  and  the  amount  of  dampness  in  the 
location  are  important  factors  to  be  considered  when  deciding 
upon  the  kind  of  floor  to  use.  A  tar  concrete  floor  is  rather 
expensive,  but  very  solid. 
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32.  Wooden>Block  Floor. — A  substantial  floor  may  be 
made  of  sawed  wooden  blocks,  either  cedar,  pine,  (m-  oak,  that 
are  placed  on  top  of  a  concrete  bed.  After  tamping  and  level- 
ing the  ground,  a  layer  of  cinders  6  inches  thick  is  placed  on 
it  and  thoroughly  rolled  down  with  a  heavy  steam  roller.  A 
bed  of  concrete  4  inches  thick  is  then  laid  on  top  of  the  cinders 
and  leveled.  The  blocks  may  be  about  6in.  X4in.X4  in.,  and 
sawed  iiom  well-seasoned  oak;  their  ends  are  dipped  in  liquid 
asphalt,  and  then  laid  directly  on  top  of  the  concrete  bed. 

33.  The  cinders  may  be  omitted  and  the  concrete  bed 
placed  directly  on  the  leveled  ground,  making  it  about  8  inches 
thick.  The  blocks  are  sawed  to  3  in.X12  in.xS  in.,  and  are 
placed  end  to  end  and  butting  together  on  the  concrete,  so  that 
their  height  is  5  inches.  A  space  of  i  inch  is  left  between  the 
adjacent  rows,  which  is  filled  with  a  mortar  composed  of  1  part 
of  Portland  cement  to  2J  parts  of  sand. 

The  advantages  of  a  wooden-block  floor  are:  (1)  It  is  easy 
on  the  feet  of  the  workmen.  (2)  The  work  is  less  liable  to  slip 
on  it  than  on  other  kinds  of  floors.  (3)  Cleats,  braces,  etc. 
can  be  attached  readily  to  the  floor.  (4)  The  expense  of  repair- 
ing is  slight. 

34.  Brick  and  Concreto  Floors. — Occasionally,  a  floor 
is  made  of  brick  laid  in  cement  and  placed  on  a  solid  concrete 
foundation.  Sometimes  hard  paving  bricks  laid  on  edge  are 
used  instead  of  ordinary  bricks,  and  cement  is  run  in  to  fill 
the  cracks.  In  some  localities,  a  concrete  base  is  covered  with 
a  thick  layer  of  cement,  which  forms  a  very  smooth  and  hard 
floor  that  is  practically  impervious  to  moisture. 

An  excellent  and  comparatively  inexpensive  floor  consists 
of  a  layer  of  concrete  from  8  to  12  inches  thick  laid  directly  on 
the  ground,  well  tamped  down,  and  leveled.  A  layer  of  sand 
about  1  inch  thick  is  laid  on  the  concrete,  and  a  layer  of  con- 
crete brick  on  the  sand. 

35.  Cast-iron  Plate  Floors. — ^Perhaps  the  best  floor  for 
large  work  is  the  cast-iron  plate  floor;  but  its  great  expense 
prevents  its  general  use.     In  many  shops,  however,  the  expense 
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is  warranted,  since  it  serves  as  a  laying-out  table  and  a 
temporary  machine  foundation,  as  well  as  an  erecting  floor. 
The  plates  are  generally  made  stifE  enough  to  allow  them 
to  be  supported  upon  masonry  columns  without  deflection. 
The  leveling  up  of  the  plates  is  thus  greatly  facilitated  when 
they  get  out  of  true.  Sometimes  they  are  laid  in  a  solid  bed 
of  concrete.  The  plates  are  then  supported  at  every  point, 
and  when  the  foundation  is  heavy,  and  the  plates  are  leveled 
up  very  carefully  when  they  are  first  set,  the  floor  is  quite 
satisfactory  for  some  time;  but  if  the  foundation  should  yield 
slightly,  or  the  plates  should  not  be  set  quite  right  at  first,  it 
is  impossible  to  set  them  true  without  taking  up  the  whole  floor 
and  resetting  it  completely,  Since  this  is  a  very  expensive 
piece  of  work,  the  masonry  supports  with  openings  between 
them  that  make  all  parts  below  the  floor  accessible  are  generally 
preferred. 

36.  The  top  of  the  floor  should  be  planed  true,  and  should 
be  provided  with  T  slots  so  that  the  work  or  portable  machines 
may  be  bolted  to  it.  The  slots  are  usually  made  at  right 
angles  to  each  other,  although  sometimes  they  are  all  made 
parallel  to  one  side;  occasionally,  when  much  circular  work  is 
to  be  machined  upon  the  floors,  the  slots  are  run  in  concentric 
circles  with  radial  slots  crossing  them  at  regular  intervals. 
A  board  flooring  is  sometimes  laid  over  the  unoccupied  portions 
of  the  cast-iron  floor  plates,  to  preserve  them  the  better  from 
damage.  

FLOOe    PITS 

37.  Use  of  Floor  Pits. — When  erecting  large  work  pro- 
vision must  be  made  for  parts  that  extend  below  the  floor 
line,  or  means  given  to  reach  some  of  the  parts  from  beneath 
the  machine.  For  this  purpose,  pits  are  made  at  suitable  places 
in  the  floor.  Cast-iron  floors  are  often  made  about  the  edges 
of  these  pits,  which  are  frequently  lined  with  plates  with  T  slots 
running  down  at  inten-'als  on  the  inside.  Pits  are  also  used  in 
machining  very  large  pieces,  such  as  flywheels,  that  are  too 
large  to  be  machined  on  a  boring  mill  or  in  a  lathe. 
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38.  Construction  of  Floor  Pit». — The  construction  of 
pits,  like  the  construction  of  erecting  floors,  depends  very 
largely  on  the  class  of  work  done  in  the  shop.  When  a  definite 
line  of  manufacture  is  carried  on,  a  pit  suited  to  the  needs  of 
the  work  can  be  built;  but  where  work  of  a  miscellaneous 
character  is  done,  it  is  impossible  to  anticipate  the  needs  that 
may  arise  at  any  time,  and  a  pit  that  can  easily  be  enlarged  or 
changed  will  be  most  suitable. 


39.  Pit  Construction  for  a  Definite  Lin©  of  Work. 

Fig.  13  shows  a  pit  that  is  built  for  the  purpose  of  erecting 
vertical  boring  mills.  The  sides  of  the  pit  a  are  built  up  of 
brick  or  stone,  and  iron  plates  b  are  placed  all  around  the  mouth 
of  it,  as  shown.  A  convenient  size  of  pit  for  this  class  of  work 
is  made  about  4  feet  deep  by  4  feet  wide;  the  length  depends  on 
the  amount  of  work  to  be  done. 

40.  The  Ijcd  of  the  machine  that  is  being  erected  is  usually 
mounted  on  parallels  placed  across  the  pit.  Two  styles  of 
machines  arc  shown  in  Fig.  13.     The  machine  c  has  the  housings 
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attached  to  the  sides  of  the  bed  at  d,  and  the  table  is  rotated 
on  a  spindle  that  extends  below  the  bottom  of  the  bed.  The  , 
lower  end  of  the  spindle  is  carried  in  a  step  bearing  that  is 
placed  in  a  frame  which  is  bolted  to  the  bottom  of  the  bed. 
To  fit  this  frame  properly,  there  should  be  plenty  of  room 
beneath  the  bed,  which  is  therefore  placed  on  two  parallels  on 
each  side.  The  two  machines  that  are  shown  in  the  rear  are 
self-contained.  The  housings  and  the  bed  are  one  casting,  and 
the  spindle  of  the  table  docs  not  extend  below  the  bed.  In 
this  case,  one  set  of  parallels  is  sufficient  to  support  the  machine 
diuing  erection. 

41.  Large  Parallels. — Fig.  13  illiistrates  several  styles  of 
large  parallels.  The  parallels  e,  which  are  made  of  cast  iron, 
have  the  general  form  of  a  box  that  is  open  at  the  bottom  and 
is  subdivided  into  several  compartments  by  webs.  These  webs 
tic  the  tops  and  sides  together  and  greatly  stiffen  the  parallel. 
The  object  of  making  the  parallels  hollow  is  to  reduce  their 
weight.  It  is  an  advantage  to  have  all  the  parallels  in  a  set  of 
the  same  height,  since  three  or  more  can  then  be  used  for  sup- 
porting a  large  piece  of  work  having  a  plane  surface  at  the 
bottom. 

The  parallels  /  have  an  I  section  and  are  strengthened  at 
regular  intervals  by  ribs,  as  the  one  shown  at  /'.  A  large 
parallel,  as  g,  is  occasionally  made  with  a  rectangular  hole 
and  a  T  slot  cored  in  it.  The  T  slot  permits  work  to  be  attached 
to  the  bar  by  means  of  bolts  and  clamps. 

42.  Large  Masonry  Pit. — Fig.  14  shows  a  masonry  pit' 
intended  for  large  and  heavy  work.  A  pit  about  40  feet  long, 
12  feet  wide,  and  20  feet  deep  is  a  size  well  adapted  for  heavy 
work.  The  ends  a  and  the  sides  b  may  be  built  up  of  stone, 
while  the  bottom  c  is  made  of  concrete  and  faced  with  cement. 
The  top  of  the  pit  is  surrounded  with  cast-iron  plates  d  that  arc 
planed  and  set  level.  These  plates  arc  provided  with  T  slots 
by  the  use  of  which  the  work  may  be  securcd  to  them.  The 
ends  of  the  pit  may  be  built  up  in  steps,  as  shown,  or  may  be 
made  straight,  as  indicated  by  the  dotted  lines  e. 
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43.  When  not  in  use,  the  pit  is  covered  with  a  plank  floor, 
a  section  of  which  is  shown  in  place  at  /,  Fig.  14.  The  floor  is 
supported  upon  I  beams,  as  g,  which  are  set  in  pockets  h,  in  the 
sides  of  the  pit.  The  covering  floor  is  made  up  in  sections  so 
that  it  can  easily  be  removed,  and  each  section  is  provided  with 
two  rings  i  to  facilitate  the  handling.  The  rings  are  attached 
with  staples  and  let  into  the  plank,  so  that  when  not  in  use  they 
lie  below  the  surface  of  the  floor.     Where  the  pit  is  not  floored 
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over,  it  is  advisable  to  place  a  stout  removable  hand  railing 
around  it  to  prevent  workmen  from  falling  into  it.  These  pits 
may  be  made  with  one  or  more  sets  of  pockets  /,  to  receive  the 
I  beams,  ujwn  which  to  support  sections  of  the  floor  when  the 
full  depth  of  the  pit  is  not  requirt'd.  Such  a  pit  may  be  used 
either  for  erecting  or  for  machining  large  parts.  This  form  of 
pit  is  generally  used  when  a  permanent  pit  is  desired. 
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44.  Wooden  Pit. — Another  style  of  pit,  which  has  the 
advantage  of  being  both  cheap  and  easily  changed  or  enlarged, 
is  shown  in  F^.  15.  The  earth  is  simply  dug  away  where  the 
pit  is  to  go,  and  the  floor,  which  rests  upon  heavy  horizonta] 


timbers  o,  is  supported  about  the  outside  of  the  pit  by  means 
of  vertical  timbers  b  standing  on  the  blocks  c.  The  floor, 
which  covers  the  pit  when  it  is  not  in  use,  is  made  in  sections 
and  is  supported  by  timbers  that  are  set  into  the  pockets  d, 
which  are  cut  into  the  side  timbers. 


HOISTS  AND  TRUCKS 

46.  It  frequently  occurs  that  the  heavy  parts  of  machinery, 
and  often  the  whole  machine  itself,  must  be  moved,  or  hoisted 
into  position.  If  done  without  proper  appliances,  this  work 
involves  unnecessary  manual  labor  and  becomes  very  expensive. 
Light  machine  parts  may  require  no  special  means  for  hoisting,  or 
at  the  most  only  an  ordinary  chain  block. 

The  appliances  used  to  hoist  and  move  machinery  are  the 
block  and  tackle,  the  chain  and  screw-geared  blocks,  the  pneu- 
matic and  electric  hoists,  the  derrick,  the  crane,  and  the  truck. 
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Whatever  the  type  of  hoisting  device  used,  care  must  be 
taken  to  safeguard  the  operator  and  others.  This  is  done  by 
periodically  testing  the  ropes  and  chains  used,  securing  the  work 
to  the  hoisting  device  in  the  correct  manner,  and  using'  a  device 
designed  to  lift  a  greater  load  than  the  one  to  be  hoisted. 


BLOCK    AND    TACKLE,    CHAIK    AND    SCBBW-OEARBD    BLOCKS 

46.     Principle   of   Block   and   Tackle-— The   simplest 

form  of  hoisting  apparatus  is  the  block  and  tackle,  and  for  some 
classes  of  work,  especially  in  the  field,  it  is  exceedingly  useful. 
If  a  sheave,  or  pulley,  a,  Fig.  16  (a),  is  fastened  to  a  beam,  and 
a  rope  is  thrown  over  the  sheave,  a  weight  can  be  attached  to 
one  end  of  the  rope  and  lifted  vertically  by  pulling  on  the  other 
end  of  the  rope.  The  advantages  of  this  device  consist  in 
changing  the  direction  of  the  power  exerted  from  an  upward 
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lift  to  a  downward  pull,  since  a  man  can  employ  his  strength 
l>etter  in  this  way;  and  further,  all  necessity  of  blocking  is 
eliminated.  Practically  the  same  pull  is  required  as  the  weight 
to  he  lifted,  if  friction  is  neglected,  and  for  every  unit  of  distance 
the  weight  is  lifted  upwards  on  one  side  of  the  sheave,  the  rope 
travels  downwards  an  equal  distance  on  the  other  side. 

If  the  weight  be  taken  as  100  pounds  and  the  distance  from 
the  floor  to  the  beam  as  10  feet,  then  when  the  weight  is  on  the 
floor  the  total  length  of  rope  is  20  feet;  but  when  the  weight 
has  boon  lifto<l  to  the  beam  a  distance  of  10  feet,  10  feet  of  the 
rope  have  been  hauled  in.  and  a  pull  of  100  pounds  has  been 
exerted  during  the  whole  time  of  hauling. 
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47.  In  Fig.  16  (6)  one  end  of  the  rope  is  shown  attached  to 
the  beam  b.  If  a  man  stands  on  the  beam  pulling  upwards 
on  the  other  end  of  the  rope  with  a  100-poimd  weight  attached 
to  the  sheave  a,  then  only  50  pounds  pull  need  be  exerted  by 
the  man  to  lift  the  weight,  the  other  50  pounds  being  held  by 
the  beam.  This  point  will  be  more  quickly  understood  if  in 
place  of  one  end  of  the  rope  being  tied  to  the  beam,  it  is  held 
by  a  second  man,  thus  dividing  the  weight  equally,  each  man 
holding  50  pounds.  For  every  unit  of  distance  the  weight  is 
lifted  upwards,  twice  as  much  rope,  as  in  the  first  case,  must 
be  hauled  in.  When  the  weight  is  on  the  floor,  the  total  length 
of  rope  is  20  feet;  but  when  the  weight  has  been  lifted  to  the 
beam  a  distance  of  10  feet,  all  of  the  rope,  or  20  feet  has  been 
hauled  in. 

48.  In  Fig.  16  (c),  the  same  weight  is  shown  being  lifted  by 
the  aid  of  three  sheaves  and  40  feet  of  rope.  In  this  case,  for 
every  unit  of  distance  the  weight  is  lifted,  three  times  as  much 
rope  must  be  hauled  in  as  in  the  case  illustrated  in  fa).  The 
total  weight,  100  pounds,  is  supported  by  three  ropes,  each 
rope  supporting  one-third  of  this  weight  or  33J  pounds.  The 
pulley  c  is  used  so  that  the  pull  may  be  exerted  in  a  downward 
direction.  When  the  weight  is  on  the  floor,  the  total  length 
of  rope  is  40  feet;  but  when  the  weight  has  been  lifted  to  the 
beam,  30  feet  of  rope  have  been  hauled  in. 

Rule- — In  every  block  and  tackle,  the  pull  required  to  hold  any 
weight  is  equal  to  the  weight  divided  by  the  number  oj  ropes  support- 
ing the  weight. 

When  applying  the  rule,  care  must  be  taken  not  to  count 
a  free  end  used  to  change  the  direction  of  pull.  For  example, 
the  left-hand  rope  in  Fig.  16  (a)  and  the  right-hand  rope  in  (c) 
are  free  and  should  not  be  counted;  while  in  (b)  the  right-hand 
rope  is  supporting  the  load  and  should  be  included. 

49.  Example  of  Block  and  l''ackle. — One  form  of  block 
and  tackle  is  shown  in  Fig,  17.  According  to  the  method 
followed  in  practice,  the  sheaves,  instead  of  being  separated, 
as  shown  in  Fig.  10,  are  placed  in  one  block.     The  block  and 
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tackle,  as  compared  with  the  chain  block,  to  be  described  later, 
are  lighter  and  can  be  used  to  lift  weights  to  greater  heights 
since  ropes  are  made  in  greater  lengths  than  chains.     For 
hoisting,  the  block  hook  a  should  be  attached  to  some  iked  sup- 
port above  and  the  tackle  hook  b  should  be  made  fast  to  the 
work.     In  this  case  a  given  amount  of  pull  on 
the  free  rope  c  will  cause  an  equal  pull  on  the 
other  ropes  d,  e,  and  /,  so  that,  n^lecting 
friction,  a  given  pull  on  c  can  lift  three  times 
the  load  on  the  hook  b. 

The  block  and  tackle  is  particularly  useful 
in  drawing  to  one  side  a  weight  suspended 
from  a  heavier  tackle  or  for  moving  machinery 
supported  on  rollers.  Judgment  should  be 
exercised  in  using  the  block  and  tackle  to  the 
best  advantage  when  draj^ng  weights  hori- 
zontally; for  example,  if  the  block  and  tat^e 
in  Fig.  17  be  used  to  draw  a  piece  of  machinery 
along  the  floor  of  a  shop,  the  single-sheave 
end  k  should  be  attached  to  some  stationary 
object,  as  a  girder,  while  the  double-sheave 
end  g  should  be  attached  to  the  piece  c^ 
machinery  to  be  moved.  This  has  the  advan- 
tage of  giving  four  ropes  which  pull  on  the 
greater  block  g,  whereas,  reversing  the  block 
and  tackle  reduces  the  number  of  the  ropes 
that  pull  on  the  block  h  to  three,  and  therefore 
increases  the  pull  required  on  the  rope  c. 

50.     Differential     Chain     Block . 

Although,  as  already  stated,  the  block  and 
tackle  is  lighter  and  with  it  loads  can  be 
lifted  through  a  greater  distance  than  with  the  differential 
chain  block,  the  latter  can  lift  far  heavier  loads  and  is  much 
more  durable  in  construction.  The  differential  chain  block 
consists  of  an  endless  chain  a.  Fig.  18,  a  differential  chain 
wheel  b,  a  single-grooved  pulley  c,  and  the  hooks  d  and  e.  The 
differential  wheel  has  two  chain  grooves  of  xinequal  diameters. 
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The  grooves  are  notched,  forming  two  chain  sprockets.     As  the 
chain  is  drawn  over  the  pulley  so  that  the  latter  revolves,  a 
greater   length  of   chain  per  revolution  will  travel  over  the 
groove  with  the  larger  diameter  than  over  the  one  with  the 
small  diameter.     Therefore,  when  the  side  of  the  loose  loop  a, 
which  is  on  the  large  diameter,  is  drawn  down,  it  will  shorten 
the  distance  between  the  two  pulleys  and  lengthen  the  loose 
loop.     By  drawing  down  on  the  other  side  of  the  chain  that 
runs   over   the   small   diameter,    the    distance 
between   the   pulleys   is  increased.     A  weight 
hanging  on  the  hook  e  will  be  raised  or  lowered, 
depending  on  which  side  of  the  loop  is  pulled. 

51<     One  great  advantage  of  ch^  hoists  lies 
in  the  fact  that  they  may  be  stopped  at  any 
point ;  .that  is,  the  load  will  remain  stationary, 
without  fastening  the  chain  in  any  way,  until 
set  in  motion  again  by  the  operator.     With  a 
tackle  the  free  end  of  the  line  must  be  fastened 
to  some  stationary  object  in  order  to  hold  the 
load,  which  is  often  a  drawback  to  the  use  of 
the  tackle.     To  offset  this,  is  the  fact  that,  with 
long  usage,  the  iron  in  the  chain  links  becomes 
crystallized,   and  is  liable  to   break  suddenly 
even  tmder  a  moderate  load.     The  effects  of 
crystallization  can,  however,  be  remedied  to  a 
large  extent   by  a  thorough  annealing  of  the        i'«^-  '^ 
chain.     The  chain  should  be  removed  from  the  blocks,  coiled, 
and  a  wood  or  charcoal  fire  built  around  it.     No  blast  should 
be  applied  to  the  fire,  which  should  be  built  in  the  open  air. 
After  the  chain  has  been  heated  to  a  cherry  red,  it  should  be 
placed  in  an  iron  box,  the  bottom  of  which  has  been  covered 
with  powdered  charcoal.    The  chain  should  be  covered  with 
the  same  substance,  the  box  closed,  and  the  chain  allowed  to 
remain  until  cold.     It  may  then  be  rove  through  the  blocks 
^ain,  and  will  be  nearly  as  good  as  when  new. 

52<    Screw-Geared  Block. — A  still  more  efficient  type 
than  the  differential  chain  block  is  the  screw-geared  block  made 
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in  a  variety  of  forms, 
one  of  which  is  shown 
in  Fig.  19  (o)  and  (b). 
It  consists  of  a  central 
worm  a.  driven  by  a  chain 
wheel  b  over  which  is 
thrown  a  hand-operated 
chain  c.  Meshing  with 
this  worm  is  a  gear  d 
having  fastened  on  each 
side  of  it  small  chain 
wheels  e  over  which  the 
load  chain  /  is  thrown. 
To  the  ends  of  this  chain 
is  attached  a  hook  g  for 
Jid  gear  run  in  a  bath  of 
«  supplied  with  safety 
ain  from  slipping.  This 
ires  little  headroom,  and 
chinery. 

MTTBIC    HOISTS 

. — A  pneumatic  hoist  is 
1  air.  It  consists  of  a 
moves  a  piston  having  a 
eye  e  to  which  the  load 
is  connected  to  the  air- 
admitted  to  the  cylinder 
lich  is  operated  by  the 
c  load  the  length  of  its 
piston,  the  compressed 
inder  is  exhausted  to  the 
ree-way  cock,  permitting 
ginal  position.  The  top 
ommunication  with  the 
3  on  the  lower  side  of  the 

1,1^1.1, <^ii   .LL.Mf;.     j.,^   ..oist  described  is  single 

acting.     It  is  shown  mounted  on  a  runway. 
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54,  Electric  Hoists. — Like  the  pneumatic  hoists,  there 
are  many  types  of  electric  hoists  available  for  different  classes 
of  work.  They  embody  the  same  general  principles,  differing 
only  in  details  of  construction.  One  type  of  hoist  is  shown 
in  Fig.  21.  The  hook  a,  which  is  connected  to  the  part  to  be 
hoisted,  is  raised  and  lowered  by  electric  power  while  the  hoist 
and  work  are  moved  along  the  jib  way  b  by  pushing  or  pulling 


on  the  work  or  hook. 
the  trolley  pulleys  c  i 
The  power  for  hoistir 
work  is  supplied  to  t 

electric  wires  /  and  t ^.     

hook  a   is  connected    to   the  hoisting 

drum  h  by  the  rope  i  which  runs  over  the  pulley  /.  The  hoist- 
ing drum  is  driven  from  the  pinion  of  the  motor  by  a  train  of 
gearing. 

66.  When  the  hoist  is  stationary,  pulling  the  rope  k, 
Fig.  21.  downwards  operates  the  controlling  mechanism,  caus- 
ing the  electricity  to  flow  through  the  motor  in  the  direction 
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needed  to  hoist  the  work.  Pulling  the  rope  /  downwards  then 
stops  the  hoisting,  and  puUing  it  still  farther  down  reverses 
the  direction  of  fiow  of  the  current  through  the  motor  and 
consequently  lowers  the  work.  Pulling  the  rope  k  downwards 
would,  in  this  case,  stop  the  motor,  and  hence  the  descent  of 
the  work.  A  brake  is  enclosed  in  the  casing  which,  when  the 
ropes  are  adjusted  to  the  stopping  positions,  operates  to  prevent 
the  work  from  descending.  Some  types  of  hoists  are  provided 
with  motors  which  move  them  along  the  track. 

Electric  hoists  are  used  for  practically  the  same  classes  of 
service  as  are  the  pneumatic  hoists;  and,  while  at  times  there 
is  little  to  choose  between  them,  at  other  times,  one  type  may 
have  an  advantage  over  the  other.  They  are  built  for  both 
stationary  and  traveling  service - 

CBANBS    AND    TBDCK8 

56.  Portable,  Hand-Operated  Cranes. — A  portable, 
hand-operated  crane,  Fig.  22,  is  very  convenient  for  transport- 
ing loads  up  to  approximately  3  tons.  In  the  type  illustrated, 
when  the  crane  is  stationary  and  the  load  is  being  raised  or 
lowered,  the  handle  a,  which  is  connected  to  the  crank-shaped 
axle  of  the  front  wheels,  is  thrown  up.  This  operation  lowers 
the  body  b  of  the  crane  on  the  front  wheels,  which  then  support 
the  weight.  A  small  V-shaped  foot  c  is  provided  on  both  sides 
of  the  base  which  while  clearing  the  floor  level,  is  long  enough  to 
prevent  .the  load  d  frran  tilting  sidewise.  The  hoisting  is  done 
by  turning  the  crank  e.  A  ratchet  wheel  /  and  pawl  g  serve 
to  hold  the  load  at  the  height  to  which  it  has  been  raised. 
When  the  load  must  be  lowered  rapidly,  the  pawl  may  be 
turned  over  so  that  its  back  will  rest  on  the  ratchet  wheel, 

57.  Jib  Cranes. — Limited  areas,  and  often  one  or  two 
machines,  are  served  by  jib  cranes,  one  form  of  which  is  shown 
in  Fig.  23.  Heavy  jib  cranes,  capable  of  lifting  30  tons,  are  in 
use  in  some  shops,  although  for  heavy  work  the  traveling  crane 
is  generally  preferable.  Jib  cranes  may  be  equipped  with  htnsts 
that  are  operated  either  pneumatically,  hydraulically,  or  eleo- 
trically,  or  with  a  chain  or  screw-geared  block. 
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58.    Trolley  Cranea. — The  traveling  hoist  furnishes  an 
extremely  useful  and  convenient  method  of  handling  light  and 


medium-heavy  work,  and  it  is  especially  adapted  to  shops 
having  low  ceilings  in  which  the  traveling  crane  cannot  be 
used.    The  runway  or  track  used  in   this   system  of   shop 
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transportation  consists  of  I 
beams  suspended  frran  over- 
head, as  shown  in  Fig.  24, 

The  illustration  shows  how 
the  traveler  d  may  be  switched 
from  the  main  track  r  to  a  side 
track  r'.  A  section  r"  of  the 
main  track  is  hinged  at  a,  and 
its  free  end  can  be  swung  in 
line  with  the  main  track  or 
side  track  by  pulling  one  of 
the  chains  c.  The  hoist  e  is 
attached  to  the  traveler. 

59.  Kinds  of  Traveling 
Cranes . — The  traveling  crane 
furnishes  the  most  modem 
and  convenient  means  of  shop 

S  transportation.  Cranes  of  this 
^  kind  are  operated  either  by 
hand,  by  power-driven  shaft- 
ing, or  by  electric  motors. 
The  traveling  crane  is  a  bridge- 
like  structure,  that  spans  the 
floor  and  is  supported  on 
steel  rails  placed  on  suitable 
supports, 

60.  Hand-Operated 
Traveling  Cranes. — Fig.  25 
illustrates  a  hand-operated 
traveling  crane,  having  a  ca- 
pacity of  from  2  to  6  tons  and 
built  for  spans  of  30  feet  or 
more.  The  span  portion  of 
the  crane  is  called  the  bridge 
and  the  part  containing  the 
hoist,  the  trolley.  I  beams  a 
carry  the  rails  b  on  which 
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the  crane  runs.  In  the  case  of 
heavy  cranes,  these  I  beams  are 
replaced  by  built-up  girders.  These 
runways  are  placed  as  high  up  in 
the  building  as  possible  in  order 
to  get  as  much  room  under  the 
crane  as  can  be  had.  The  runway 
extends  the  whole  length  of  the 
floor  or  building  and  a  trolley  c 
running  on  rails  can  travel  from 
one  end  of  the  bridge"  to  the  other, 
and  hence  can  be  brought  over  any 
point  on  the  floor.  Hand  cranes 
like  the  one  illustrated  are  operated 
from  the  floor  in  the  following 
manner:  A  shaft  d  has  a  pinion  e 
on  each  end  that  meshes  with  the 
gears  /,  which  are  keyed  to  the 
same  shEifts  to  which  the  wheels  g 
are  fastened.  The  shaft  d  is  rotated 
by  pulling  the  chain  h,  and  the 
crane  is  thus  made  to  traverse 
the  building  lengthwise.  A  similar 
mechanism  runs  the  trolley  c  from 
one  end  of  the  bridge  to  the  other. 
The  hoisting  is  done  from  the  floor. 

61.  Electric  Traveling 
Cranea. — The  electrically  driven 
traveling  crane  may  be  driven  by  a 
single  motor  and  the  separate  parts 
may  be  run  by  trains  of  gearing 
from  it;  but  more  generally  it  has  a 
separate  motor  for  each  movement. 
Many  such  cranes  intended  for 
heavy  work  have  an  auxiliary  hoist, 
to  allow  light  work  to  be  handled 
much  quicker   than   can   be  done 
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with  the   main   hoist.     The   auxiliary  hoist   is  mounted   on 
the  trolley. 

The  current  for  operating  these  cranes  is  taken  from  wires 


located  along  the  sides  of  the  building  close  to  the  rails.  The 
operator  is  carried  in  a  cage  i.  Fig.  26,  suspended  below  and  to 
one  side  of  the  bridge,  where  he  controls  the  various  movements 
by  means  of  levers,  switches,  or  other  devices  shown  at  /. 


Electric  traveling  cranes  are  built  for  spans  as  great  as 
75  feet.  For  heavy  work,  they  are  both  economical  and  quick 
in  operation. 


^dbyGoOgle 


34  ERECTING  §25 

(J2.  Trucks. — Hand  trucks  arc  the  most  common  con- 
veyance for  small  loads.  They  are  also  the  most  inefficient 
vehicle  used,  in  their  method  of  employing  human  labor. 
Electric-  and  gasoline-operated  trucks  are  consequently  gradu- 
ally replacing  them. 

Ekclric  trucks  may  be  cither  self-contained  and  operated  by 
storage  batteries  mounted  directly  on  them,  as  in  Fig.  27.  or 
they  may  be  driven  from  a  central  station  through  the  medium 
of  an  overhead  trolley.  The  fornier  are  employed  both  for 
indoor  and  outdoor  service;  the  latter  largely  for  outdoor  use. 
The  truck  shown  in  Fig.  27  is  steered  by  the  lever  a.  and  the 
si>eed  of  the  truck  is  controlled  by  the  lever  b.  Gasolifie-operated 
trucks.  Fig.  28,  are,  like  the  battery-operated  trucks,  self- 
contained;  but  unlike  them,  they  arc  largely  confined  to  fixed 
routes,  in  which  resi^ect  they  resemble  the  trolley-driven  electric 
trucks.    They  are  used  principally  for  outdoor  transportatioiL 

DBRB1CK8 

63.  A  common  form  of  derrick  is  shown  in  Fig.  29.  It 
consists  of  a  mast  a.  the  lower  end  of  which  is  set  into  a  base  b 
that  is  secured  to  the  timber  framing  c  shown  in  the  illustration. 
The  upper  end  of  the  mast  carries  the  derrick  head  d.  to  which 
the  guy  ropes  e,  /,  g,  and  h  are  fastened.  These  guy  ropes  are 
fastened  to  stakes  driven  into  the  ground,  or  to  any  other 
immovable  objects  that  are  conveniently  located,  and  serve 
to  steady  the  mast.  The  mast  has  pivots  at  both  ends  that 
enter  sockets  in  the  base  and  in  the  derrick  head,  and  allow 
the  mast  to  be  rotated.  The  boom  i  is  hinged  to  the  mast  at  k, 
and  can  be  raised  or  lowered  by  the. tackle  /.  The  tackle  m 
is  used  for  hoisting  weights. 

64.  When  the  upper  end  of  the  mast  and  boom  are  tied 
together  by  a  jib,  or  horizontal  member,  the  whole  device  is 
called  a  crane.  A  crane  is  usually  fitted  with  a  traveling 
carriage  on  the  jib. 

65.  Krectlng  (;in  Pole. — A  gin  pole  is  a  vertical  pole 
used  for  hoisting.  When  erecting  a  tall  derrick,  a  gin  pole  is  first 
put  up  to  assist  in  raising  the  mast;  but  if  the  derrick  is  low,  its 
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boom  may  be  used  for  this  purpose.  Before  erecting  the  gin 
pole,  a  pvdiey  is  secured  to  its  top  and  a  rope  passed  over  it. 
One  method  of  erecting  the  gin  pole  is  to  slip  an  iron  bar  a 
through  the  hole  in  the  lower  end  and  secure  it  to  suitable 
stakes  c,  as  shown  in  Fig.  30,     The  free  end  of  the  gin  pole 


is  then  lifted  from  the  ground  and  ijlaced  on  the  X-shapcd 
brace  e.  The  guys/,  g,  h,  and  i  are  then  attached  to  the  ui)i>or 
end  d  and  are  laid  out  on  the  ground  ready  for  use.  The  men 
now  raise  the  gin  pole  b  by  means  of  pike  poles  and  advance 
the  support  e  toward  the  lower  end.  When  the  free  end  has 
been  raised  some  distance  from  the  groimd,  the  ropes  /  and  i 
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may  be  pulled,  thus  helping  to  raise  the  gin  pole  to  a  vertical 
position;  meanwhile,  the  men  who  attend  to  the  guys  g  and  h 
must  see  that  the  gin  pole  does  not  shift  from  the  desired 
position.  Usually  only  one  man  is  required  for  each  end  of 
the  guys  g  and  k,  ^ce  he  can  wind  the  rope  about  a  stake, 
and  then  easily  prevent  the  gin  pole  from  moving  too  far. 
When  the  gin  pole  has  been  raised  to  the  vertical  position, 
the  guys/,  g,  k,  and  i  are  secured  to  the  anchor  stakes  as  shown 
in  Fig.  31.  Guys  used  for  a  gin  pole  are  generally  made  of 
manila  or  hemp  rope. 

66.     Erecting  Hast  of  Derrick. — After  the  gin  pole  has 
been  raised  into  an  upright  position  and  the  guys  have  been 


fastened,  it  may  be  used  to  lift  the  mast,  as  is  shown  in  Fig.  31, 
in  which  a  represents  the  gin  pole,  the  lower  end  of  which  is 
lashed  to  the  stakes  c.  The  derrick  head  g  should  be  placed  in 
position,  the  guys  attached  and  the  hoisting  rope  passed  over 
the  head  sheave  before  the  mast  is  raised.  The  base  for  the 
derrick  having  been  located  and  fastened  to  the  timbers  b. 
the  mast  d  is  hoisted  into  position  by  means  of  a  rope  fastened 
a  little  above  its  center  and  passed  over  the  pulley  e  on  the 
end  of  the  gin  pole.  The  other  end  of  this  rope  /  may  be 
handled  by  hand  if  the  mast  is  not  too  heavy,  or  by  a  suitably 
located  winch,  or  crab,  if  the  mast  is  of  considerable  weight. 
The  lower  end  of  the  mast  is  now  lowered  into  the  base,  after 
which  the  guys  attached  to  the  head  g  are  tightened  and 


^dbyGoOgle 


§25  ERECTING  37 

fastened  in  position.    The  permanent  guys  for  the  mast  are 
usually  made  of  wire  rope. 


Fic.  31 

67.    Placing  Boom  of  Derrick. — After  the  mast  has  been 
properly  guyed  and  the  gin  pole  has  been  taken  down,  the 


^dbyGoOgle 


38  ERECTING  525 

hoisting  rope  is  hitched  around  the  boom,  and  it  is  raised 
until  the  bottom  end  can  be  swung  into  the  knee  k.  Fig.  29, 
where  it  is  secured  by  a  pin.  The  ropes  are  then  all  reeved 
through  their  proper  pulleys  and  the  derrick  is  ready  for  work. 
Large  derricks  are  generally  erected  by  the  aid  of  a  separate 
gin  pole,  as  just  described.  In  the  case  of  a  very  large  derrick 
it  is  sometimes  necessary  to  erect  a  gin  pole  of  a  height  such 
that  the  men  can  handle  it,  and  use  it  for  setting  the  boom 
on  end,  which  is  then  used  as  a  gin  pole  for  lifting  the  mast. 
Two  separate  sticks  of  timber  are  sometimes  used  as  gin  poles,  a 
short  one,  less  than  one-half  the  height  of  the  mast,  being 
employed  to  set  a  gin  pole  about  two-thirds  the  height  of  the 
mast;  this  second  gin  pole  is  then  employed  for  setting  both 
the  mast  and  the  boom.  Derricks  so  large  as  to  require  two 
gin  poles  for  their  erection  are  rarely  used  except  on  permanent 
work. 

68.  Erecting  Small  Derrick. — ^With  small  derricks,  a 

gin  pole  is  seldom  used  for  raising  the  mast,  as  the  boom  is 
generally  light  enough  to  be  erected  as  a  gin  pole,  and  is  then 
employed  for  raising  the  mast.  After  the  mast  has  been 
raised  and  secxu^ly  guyed,  the  mast  itself  is  used  for  swinging 
into  position  the  boom,  which  up  to  this  time  has  served  as  a 
gin  pole. 

69.  Dismantling  Derricli. — ^When  the  work  has  been 
finished  and  it  becomes  necessary  to  dismantle  the  derrick,  the 
boom  is  hoisted  up  to  the  mast,  and  is  detached  from  the  knee. 
Stakes  are  then  driven  into  the  ground  and  the  lower  end  of 
the  boom  is  lashed  to  them;  the  boom  is  then  used  as  a  gm 
pole  for  lowering  the  mast.  The  boom  itself  is  lowered  after- 
wards by  paying  out  two  of  its  temporary  guys  until  it  can  be 
caught  on  a  support  similar  to  that  shown  at  e,  Fig.  30. 

If  the  boom  is  too  large  to  be  handled  in  this  way,  a  smaller 
gin  pole  is  erected  alongside  to  take  the  large  one  down,  and 
then  lowered  by  the  guys  and  X  brace. 
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70.  Materials  Used  for  Ropes. — Until  comparatively 
recent  years,  all  ropes  were  made  of  vegetable  fiber  teased  out 
and  spun  into  suitable  form  either  by  hand  or  machinery;  but 
since  the  introduction  of  iron,  and  particularly  of  mild  steel, 
into  the  rope-manufacturing  industry,  steel  rope  is  rapidly 
superseding  all  other  rope  for  certain  classes  of  work.  For 
many  purposes,  however,  fiber  ropes  are  still  used  and  can 
never  be  replaced  by  steel  ones;  they  are  made,  for  the  most 
part,  either  of  hemp,  manila,  or  coir,  which  is  cocoanut-husk 
fiber.  First,  the  fibers  are  spun  into  yams,  then  the  yams  into 
strands,  and,  finally,  the  strands  into 

rope. 

71.  Slings. — Loops  of  rope  or 
chain  used  for  attaching  weights  to 
the  hook  of  a  tackle  or  for  fastening  a 
tackle  block  to  some  support,  are 
known  as  allngs.  That  a  sling  may 
best  serve  its  purpose,  one  of  several 
methods  of  fastening  it  to  the  block 

must  be  chosen,  the  choice  depending  „. 

to  some  extent  on  the  weight  of  the 

load  to  be  lifted.  For  instance,  the  resistance  of  the  sling 
is  least  if  used  single,  as  shown  in  Fig.  32  (a);  but  its 
greatest  possible  strength  may  be  obtained  by  use  of  a 
half-hitch;  that  is,  by  looping  it  over  the  hook  as  shown  in 
Fig.  32  (b),  thus  increasing  the  surface  of  the  sling  in  contact 
with  the  hook  of  the  tackle  block.  The  sling  may  be  applied 
to  the  piece  of  work  to  be  moved  either  singly,  as  in  Fig.  32  (a), 
or  doubled,  as  in  (ft),  the  latter  method  being  preferable  owing 
to  the  absence  of  any  danger  from  slipping  of  the  sling.  If 
the  sling  is  fastened  by  doubling  over,  a  noose  is  formed  and 
the  sling  is  thus  tightened  on  the  work  when  the  free  end  is 
pulled. 

72.  Lashings. — Where  headroom  is  limited,   the  tackle 

may  be  attached  to  the  work  by  means  of  a  lashing,  that  is. 
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a  piece  of  rope  suffidentiy  long  to  admit  of  its  bring  passed 
several  times  around  the  piece  to  be  moved.  Work  is  fastened 
to  the  tackle  by  first  bringing  the  back  of  the  hook  of  the 
tackle  block  in  contact  with  the  piece  to  be  hoisted,  as  shown 
in  Pig.  33,  and  then  passing  several  turns  of  the  line  around 
the  work  and  over  the  hook,  the  ends  of  the  line  being  fastened 
by  a  knot.  A  small  rope  may  be  used  for  lashing,  the  necessary 
strength  being  obtained  by  increasing  the  number  of  turns. 

73*    Inspection    of    Ropes,    Slings,    and    lAshlngs. 

From  repeated  use  and  occasional  abuse,  the  strength  of  ropes, 
slings,  and  lashings  will  be  impaired ;  to  prevent  any  accident 
that  might  occur  from 
this  loss  o£  strength,  it 
is   necessary    to   know 
how  to  detect  a  weak- 
ened rope.    The  outside 
must  first  be  inspected 
carefully,  running  over 
the  lines  from  end   to 
end,  and  noting  if  any 
of  the  strands,  or  yams 
composing  the  strands, 
are  damaged.     If  noth- 
ing wrong  is  discovered 
about  the  outside  of  the 
rope,  the  inside  should  be  inspected,  as  a  rope  will  often  be 
j»erfectly  sound  on  the  outside,  but  utterly  bad  inside.     The 
inside  may  be  inspected  by  taking  the  rope  in  both  hands 
and  untwisting  it  sufficiently  to  expose  the  inner  surfaces  that 
have  been  chafing  against  one  another.    Then,  if  the  life  or 
utility  of  the  line  has  been  impaired  by  long  use,  a  considerable 
number  of  broken  fibers  will  be  found ;  if  in  a  bad  state,  they 
may  have  been  reduced  to  powder.     If  broken  fibers  are  dis- 
covered, the  use  of  the  rope  should  be  confined  to  loads  not 
heavier  than  half  the  load  it  formerly  could  stand;  if  a  con- 
siderable  quantity  of  powder  is  found,   the  line  should   be 
condemned  at  once  as  unfit  for  use. 
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Slings  and  lashings,  as  a  general  rule,  are  mined  by  external 
chafing  received  when  moving  rough  castings,  etc.,  and  hence 
their  safety  can  be  detennined  £rom  their  external  appearance. 
Ropes  or  lines,  on  the  other  hand,  when  used  for  tackle  blocks, 
receive  the  greatest  wear  on  the  inside,  owing  to  the  chafing 
and  grinding  of  the  strands  when  passing  over  small  pulleys 
under  heavy  strains. 

74.  Splicing. — The  operation  of  so  joining  two  pieces  of 
rope  as  to  obtain  one  continuous  piece  with  no  appreciable 
increase  of  diameter  at  the  splice,  is  known  as  solicing.  The 
principal    splices    are 

the  short  splice,  the 
long  splice,  and  the  eye 
splice. 

The  principle  of  all 
splicing  consists  of 
joining,  or  tttarrying, 
the  strands,  thinning 
them  out  and  tapering 
them  so  that  the  di- 
ameter at  the  splice 
is  the  same  or  only 
slightly  greater  than 

that  of  the  rope  itself.  ^°  ^ 

In  the  long  splice,  no  increase  in  diameter  is  allowed.  The 
methods  of  sphdng  described  and  illustrated  in  this  Section 
apply  only  to  three-strand  fiber  ropes. 

75.  Splicing  Tools. — The  only  tools  necessary  for  making 
a  splice  are  a  marlinsplke.  shown  in  Pig.  34,  and  a  knife. 
The  former  is  made  of  either  iron  or  hard  wood,  is  from  12  to 
14  inches  long,  and  about  1  inch  in  diameter  at  the  thidt  end, 
the  other  end  being  sharpened  to  a  blunt  point  about  as  shown 
in  the  figure.  When  splicing,  the  point  of  the  marlinspike  is 
pushed  through  the  rope,  between  the  strands  that  are  to  be 
separated,  the  thick  end  is  placed  against  the  body  of  the  opera- 
tor, and,  using  both  hands,  the  rope  is  untwisted  so  as  to  render 
the  work  of  opening  the  strands  comparatively  easy.     The  rope 
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is  held  by  the  left  hand,  the  joint  being  made  by  manipulating 
the  end  of  the  rope  held  in  the  right  hand. 


76.    Making  Short  Spllee. — In  making  a  short  spli^*-  "f 
strands  at  the  end  i>f  each  rope  are  first  unlaid,  that  is. 
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strands  are  untwisted — a  distance,  for  a  1-inch  rope,  of  about 
16  inches.  Ropes  of  other  diameters  are  unlaid  a  proportionate 
distance.  A  few  inches  too  much  unlay  is  better  than  too 
little,  as  the  end?  must  be  cut  off  anyway.  The  ends  o£  the 
ropes  a  and  fc,  Fig.  35  {a),  are  now  married — that  is,  the 
strands  Oi,  <h,  and  Oi  of  the  one  rope  are  placed  between  the 
strands  6i,  bt,  and  6»  of  the  other  rope.  The  strands  6i,  bt,  and  &i, 
and  the  rope  a  are  now  held  in  the  left  hand;  if  the  ropes  are 
too  large  to  be  held  in  this  way  they  may  be  fastened  together 
with  twine.  One  of  the  strands,  say  ai.  is  then  pushed  under 
the  second  strand  in  front  of  it,  shown  at  c.  Fig,  35  (fc),  an 
opening  having  previously  been  made  either  with  the  thumb 
or  a  marlinspike  as  illustrated  in  Fig.  34.  This  operation 
is  known  as  tucking.  Similarly,  the  strands  ot  and  at  are  tucked 
under  the  second  strand  in  front  of  each.  The  splice  now 
appears  as  shown  in  (6).  The  strands  6i,  bt,  and  hi  are  now 
tucked  under  the  second  strand  in  front  of  each,  and  the  splice 
appears  as  shown  in  (c).  To  secure  strength,  more  tucks  are 
made,  and,  after  subjecting  the  rope  to  a  good  stout  pull,  the 
ends  of  the  strands  are  either  cut  off  as  shown  at  d  in  (li)  or  are 
whipped  as  shown  at  e.  To  whip  the  strands,  one-half  of  each 
strand  is  wrapped,  or  bound,  with  twine  to  one-half  of  the 
adjoining  strand.  Whipping  prevents  the  strands  from  creep- 
ing through  when  the  splice  is  taxed  to  the  full  capacity  of  the 
rope. 

77.  Making  Long  Splice. — In  the  short  splice,  the 
diameter  at  the  joint  is  greater  than  that  of  the  rope,  hence 
it  is  not  a  suitable  splice  where  the  rope  is  to  be  used  in  tackles 
and  pulley  blocks,  or  in  other  places  that  will  admit  nothing 
lai^er  than  the  rope  itself.  In  such  cases  the  long  splice  is 
used,  When  properly  made,  the  imtrained  eye  can  hardly 
distinguish  this  splice  from  the  rest  of  the  rope.  To  make  the 
long  splice,  the  ends  are  unlaid  as  before,  but  about  three 
times  as  far,  and  married  as  shown  in  Fig.  35  (a).  The 
strands  Ot  and  bt,  Fig.  35  (a),  are  then  laid  together  as  shown 
at/.  Fig.  36.  The  strand  6i,  Fig.  35  (a),  is  now  unlaid  gradually 
and  in  the  groove  thus  made  the  strand  ci  is  laid.    Care  should 

2se-u 


^dbyGoogle 


44  ERECTING  §  25 

be  taken  to  give  all  the  strands  the  proper  twist,  so  that  they 
will  fall  gracefully  into  the  grooves.  The  original  twist  in 
the  strands  is  thus  retmned  for  subsequent  operations.  The 
strands  oi  and  bi  are  laid  together  at  g,  Fig.  36,  as  was  done 
at/.  The  strand  oa.  Fig.  35  (o),  is  next  unlaid  gradually  and 
in  the  groove  thus  made  the  strand  6g  is  laid.  These  strands 
are  now  laid  together  at  k,  Fig.  36,  as  was  done  at  /,  and  the 
ends  of  all  the  strands  are  cut  off  to  a  length  about  as  shown 
in  the  figure. 

78.    The  strands  aj  and  bi.  Fig.  36,  are  now  relieved  of  about 
one-third  of  their  yams — that  is,  the  portions  a's  and  b'l  are  cut 


FicM 

off  close  to  the  rope.  With  the  remaining  parts  of  oj  and  &i, 
an  overhand  knot  is  cast,  like  that  shown  at  g,  Fig.  36.  An 
opening  having  been  made  with  the  thumb  or  marlinspike  as 
shown  in  Fig.  34,  the  strand  6i  is  tucked  under  the  strand 
immediately  in  front  o£  it,  i,  and  pidled  taut  as  shown  in 
Fig.  37  (a).  Similarly,  the  strand  aj  is  tucked  under  the 
strand  immediately  in  front  of  it  and  pulled  taut. 

The  strands  oj  and  &j  are  now  relieved  of  about  one-third 
of  the  yams  remaining,  the  parts  at"  and  bt".  Fig.  37  (&),  being 
removed ;  and,  an  opening  having  been  made  either  with  the 
thumb  or  marlinspike,  the    strand   bi   is   tudced   under   the 
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second  strand  in  front  of  it,  /,  Fig.  36,  and  pulled  taut. 
Similarly,  the  strand  Oa  is  tucked  under  the  second  strand  in 
front  of  it  and  pulled  taut.     Further  tucks  may  be  taken,  if 


desired.  The  splice  is  next  finished  at/  and  g.  Fig.  36,  in  the 
same  manner  as  at  h.  The  rope  is  now  given  a  good  stout 
puU  and  the  ends  of  the  strands  are  cut  off.  The  finished 
splice  appears  as  shown  in  Fig.  38. 
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Sometimes  the  overhand  knot  is  made  without  first  thinning 
the  strands  and  then  split,  and  the  half  strand  put  through  as 
described;  but  the  surface  of  the  splice  is  never  as  smooth  as 
by  the  other  method,  which,  for  strei^h  and  neatness,  is 
generally  preferred- 

79.  Making  Eye  Splice. — Another  splice,  and  one  that 
is  as  common  and  useful  as  the  two  already  described,  is  the  eye 
splice  illustrated  in  Fig.  39.  To  begin  this  splice,  the  end  of 
the  rope  is  unlaid  about  as  far  as  for  the  short  splice,  and  bent 
into  the  required  size  of  eye,  as  shown  at  (a).  The  end  of  the 
middle  strand  a  is  then  tucked  under  one  of  the  strands  of  the 


standing  part  b,  the  necessary  opening  having  previously  been 
made  with  the  marlinspike,  and  pulled  tight,  getting  what  is 
shown  at  (b).  The  strand  c  is  now  pushed,  from  behind,  under 
the  strand  on  the  standing  part  b  next  above  that  under  which 
the  strand  a  was  passed,  so  that  it  will  come  out  where  a  went  in, 
as  shown  in  (c).  The  third  strand  d  is  then  passed  under  the 
remaining  free  strand  c  in  the  standing  part  b,  next  to  the  one 
under  which  a  was  passed.  The  strands  are  now  pulled  taut, 
and  from  each  one-third  of  the  yams  are  cut  out  and  each 
strand  is  again  tucked  under  the  second  strand  in  front  of  it 
as  shown  in  (d).  After  this  operation  is  repeated,  the  rope 
is  given  a  good  stretching  and  the  ends  are  cut  off. 
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80.  Knots,  Bends,  and  Hitches. — In  Fig.  40  are  illus- 
trated a  few  methods  of  making  knots  and  bends,  applying 
slings  and  ropes  to  hooks,  barrels,  etc.,  and  a  few  other  knots 
and  hitches  useful  to  those  engaged  in  workshops.  Should 
a  rope  be  too  long  for  some  temporary  purpose,  it  may  be 
arranged  with  a  bight  as  shown  in  (a) ;  if  several  bights  are  laid 
up  to  shorten  the  rope  to  the  required  length,  the  standing 
part  is  passed  through  and  over  the  ends  of  all,  and  the  rope 
is  pulled  tight.  In  (c)  is  shown  how  a  sling  or  strap  shoiJd  be 
applied  to  a  hook  when  the  rope  spreads  away  to  its  load;  this 
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lutch  will  prevent  the  sling  from  slipping  in  the  hook,  in  case 
the  load  should  come  in  contact  with  some  obstruction  while 
being  hoisted.  In  (6)  and  (d)  is  shown  how  a  smaller  rope 
should  be  secured  to  one  of  greater  diameter, 

81.  The  Blackwall  hitch  is  illustrated  in  Fig.  40  (e); 
except  for  very  light  loads,  this  should  be  made,  with  a  double 
hitch — that  is,  with  the  end  twice  around  the  hook — as  in 
the  figure.  Experience  has  proved  that  this  is  the  safest  way, 
since  with  only  one  turn,  the  end  is  liable  to  creep  when  subjected 
to  a  heavy  pull,  expecially  in  damp  weather,  when  the  moisture 
absorbed  by  the  rope  acts  as  a  lubricant.     When  a  rope  is  too 
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long  to  conveniently  secure  its  ends  to  a  tackle,  a  bight  of  it 
twisted  as  in  {/)  is  very  handy  and  useful.    To  make  this 


hitch,  commonly  called  a  cat's  paw,  take  hold  of  the  rope  with 
both  hands  at  places  about  2  feet  apart,  and  twist  it  two  or 
three  times  each'  way;  then  apply  the  ends  of  the  loops  thus 
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made  to  the  hook.  The  twisting  prevents  the  rope  from 
becoming  jammed,  and  the  hitch  is  very  easily  undone.  In  Ig) 
is  illustrated  a  timber  hitch,  so  simple  that  explanations  are 
unnecessary.  In  (h)  is  shown  how  to  apply  a  rope  to  a  barrel 
or  similar  vessel  when  it  must  be  hoisted  in  a  vertical  position. 
In  (k)  is  shown  what  is  known  as  a  parbuckle ;  this  tiitch  is 
used  for  raising  a  heavy  cask  or  similar  load  with  a  single 
length  of  rope.  ■ 

82.  A  very  useful  Icnot,  the  making  of  which  should  be 
linderstood  by  every  mechanic,  is  shown  in  Fig.  40  (/),  {»»), 
and  (n) ;  by  seamen,  this  knot  is  known  as  the  bowline  knot. 
When  making  this  knot,  a  bight,  turn,  or  loop,  as  shown  in  (/) 
is  first  made,  after  which  the  end  is  passed  through  the  bight 
as  shown  in  (»«).  The  knot  is  completed  by  passing  the  end 
around  the  standing  part  and  through  the  bight  again.  The 
finished  knot  is  shown  in  (n).  The  square  knot,  shown 
in  (o),  is  probably  the  most  common  knot  used  to  tie  two 
ropes  tc^ether. 
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(PART  2) 


FrmNG  AND  INSPECTION   OF  WORK 


rrriTNG  op  pabts 

1.  Classification  of  Pits. — Two  pieces  of  work  may  be 
tightly  joined  together  either  by  pressing  or  driving  one  of  them 
into  or  over  the  other ;  or  one  part  may  be  expanded  by  heating, 
placed  over  the  other,  and  allowed  to  cool,  when  it  then  tends 
to  return  to  its  original  size;  and,  if  the  proper  allowance  has 
been  made,  a  very  rigid  and  durable  joint  is  the  result.  Fits 
made  by  driving  the  pieces  together  are  called  drive  fits;  those 
in  which  the  pieces  are  pressed  together  press  fits;  and  those 
which  are  efEected  by  heating,  shrink  fits. 

In  addition  to  the  fits  enumerated,  there  are  two  other  kinds, 
known  as  sliding  and  running  fits;  but  in  these,  as  their  names 
imply,  the  parts  fit  loosely  into  each  other,  the  bore  being  larger 
than  the  shaft  or  the  equivalent,  and  no  pressure  being  required 
to  put  the  parts  together.  The  former  is  sometimes  spoken 
of  as  a  free  fit,  and  the  latter,  which  is  the  easier  or  looser  of  the 
two,  as  a  bearing  fit. 

2.  Press,  drive,  or  shrink  fits,  when  properly  made,  produce 
excellent  joints;  but  if  a  shop  is  equipped  with  presses  and  the 
character  of  the  Work  [jcrmits  it,  the  press  fit  is  to  be  preferred, 
since  it  is  the  most  easily  as  well  as  the  most  accurately  made 
and  the  pressure  applied  can  at  all  stages  be  observed  by  means 
of  a  gauge  on  the  press.     When  no  press  is  available,  the  parts 
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may  be  driven  together  with  hammers  or  rams.    Sometimes, 
however,  neither  a  press  nor  a  ram  can  be  readily  applied. 


and  the  shrink  fit  may  then  be  used  to  the  best  advantage,  as  in 
making  the  joints  of  flywheels,  shrinking  locomotive  tires  on 
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wheel  centers,  etc.  In  these  instances,  a  link,  bolt,  or  ring,  as 
the  case  may  be,  is  made  a  little  shorter  or  smaller  than  the 
place  in  which  it  is  to  be  located  and  is  then  heated  until  it  goes 
freely  into  its  position,  after  which  it  is  allowed  to  cool,  thus 
drawing  the  parts  tightly  together. 

3.  stationary  Hydraulic  Pre.ss. — Fig.  1  shows  a  hydrau- 
lic press  that  is  used  for  such  work  as  pressing  the  cranks 
on  engine  crank-shafts  and  general  ])ressing  on  or  ofT  in  making 
press  fits.  It  is  made  of  from  200-  to  400-ton  capacity.  The 
tie-bars  a  are  placed  on  either  side,  so  that  the  work  can  be 
lowered  into,  and  lifted  out  of,  the  press  with  a  crane.  For  use 
in  railway  shops,  the  tie-bars  arc  placed  one  below  the  floor 
and  the  other  overhead,  thus  enabling  the  rolling  in  and  out 
of  the  car  wheels  or  loaimotive  wheels.  'The  same  tie-rods, 
or  similar  ones,  may  be  used  with  hydraulic  jacks  for  portable- 
press  work. 

4.  This  machine  will  take  10  feet  between  the  tic-bars 
and  25  feet  between  the  ram  and  sliding  head.  The  ram  b, 
Fig.  1,  is  14  inches  in  diameter,  has  a  stroke  of  4  feet,  and  is 
provided  with  a  counterweight  so  that  it  returns  automatically 
when  the  release  valve  is  opened.  It  is  supplied  with  a  safety 
valve  that  can  be  set  to  open  at  a  desired  pressure,  which  makes 
it  impossible  to  push  more  than  a  specified  amount.  The  valve 
is  locked  in  a  box  cast  on  the  cylinder.  The  pressure  gauge  is 
graduated  for  tons  pressure  on  the  ram  and  pounds  per  square 
inch  of  its  area.  The  sliding  head  d  moves  on  a  track,  and  is 
held  in  position  by  steel  keys.  The  force  pump  is  driven  by 
a  belt  placed  on  the  pulley  e,  and  takes  its  water  supply  from  a 
tank  underneath,  to  which  the  water  is  returned. 

5.  Portable  Hydraulic  Press.— Fig.  2  shows  a  portable 
hydraulic  press  that  will  exert  100  tons  pressure  or  more,  con- 
sisting of  a  cylinder  a  and  ram  b  with  side  bars  c  and  cross- 
ties  d,  hand  pump  e.  reservoir  /,  and  gauge  g.  The  side  bars 
are  held  between  the  parallel  lugs  /i  on  each  side  of  the  cylinder 
and  are  providiVl  with  .slots  suitulily  sijaci-d  into  which  keys  i 
may  be  inserted.  A  pair  of  Iteys  ar,;  insorti.'d  in  corrt'sponding 
slots  at  both  ends  of  each  side  bar,  the  cross-ties  bearing  against 


:dbv  Google 


4  ERECTING  $26 

one  pair  of  keys  while  the  cylinder  bears  against  the  other  pair. 
The  pieces  of  work  /  and  k,  which  are  to  be  forced  together,  are 
placed  between  the  cross-ties  and  the  ram  and  maintained  in 
their  proper  positions,  if  necessary,  by  being  blocked  up  from  the 
floor  or  supported  by  a  crane.  Pressure  is  exerted  by  means 
of  the  hand  pump,  operated  by  the  lever  I,  which  draws  the  fluid 
from  the  reservoir  and  forces  it  into  the  cylinder,  driving  the 
ram  forward  against  the  work.  The  opening  of  a  valve  relieves 
the  pressure  and  allows  the  fluid  to  return  to  the  reservoir, 
A  second  lever  m  enables  the  ram  to  be  ratcheted  back  to  its 
starting  position. 

6.     Straight  Press  Fits. — Press  fits  may  be  dassified  as 
straight  and  taper.     In  a  straight  press  fit,  the  internal  piece, 


as  a  shaft,  must  be  only  enough  larger  than  the  hole  to  insure 
the  development  of  sufllicient  friction  between  the  two  pieces 

to  hold  it  there  securely  when  pressed  home.  The  amount  of 
friction  is  judged  by  the  total  pressure  in  tons  on  the  piston  of 
the  press  that  is  required  to  force  the  pieces  together.  The 
allowance  that  must  be  made — that  is,  the  difference  in  the 
diameter  of  the  two  pieces  required  to  insure  a  pressing  tc^ether 
at  a  given  pressure — cannot  be  accurately  calculated,  as  the 
pressure  depends  on  a  number  of  variable  factors  whose  values 
cai)  only  be  approximately  determined.  Some  of  these  factors 
are  the  length  of  the  hole  compared  with  its  diameter,  the  rela- 
tive smoothness  and  exactness  of  the  surfaces  that  are  to  he 
joined,  the  amount  of  metal  and  the  manner  of  its  distribution 
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around  the  hole  in  the  external  piece,  and  the  character  of  the 
material.  Experience,  judgment,  and  experiment  must  there- 
fore be  largely  relied  on  in  work  of  this  kind.  In  making  a  press 
fit  the  two  parts  should,  as  a  rule,  be  lubricated  with  a  heavy 
■oil  or  grease,  to  prevent  cutting,  which  might  destroy  the  entire 
fit  on  both  pieces.     White  lead  is  often  used  instead  of  oil. 

7.  Influence  of  Temperature  on  Fits. — If  standard 
1-inch  cylindrical  plug-and-ring  gauges  are  tried  together  when 
they  are  at  equal  temperatures,  the  plug  can  only  be  pushed 
through  the  ring  by  exerting  considerable  force,  since  the  size 
of  each  gauge  is  so  near  that  of  the  other  as  to  make  the  fit 
almost  perfect.  If  the  ring  is  held  in  the  hand  a  few  minutes, 
it  will  become  larger  and  the  plug  can  be  easily  pushed  through 
it;  if  the  plug  is  dipped  in  cold  water  and  the  ring  wanned,  the 
difference  in  size  is  so  increased  that  the  plug  will  fall  through. 
From  this  experiment  it  is  seen  that  metals  expand  wh«i  heated 
and  contract  when  cooled. 

8.  Allowances  for  Different  Pits. — The  amounts  allowed 
for  various  kinds  of  fits  are  treated  in  a  general  way  in  the  fol- 
lowing articles  and  table.  Running  fits  for  work  less  than  1  inch 
in  diameter  may  be  made  by  making  the  internal  piece  .0015  to 
.002  inch  under  the  size  of  the  hole,  while  a  2|-inch  shaft  may  be 
as  much  as  .005  under  size.  Drive  fits  are  spoken  of  as  tight  and 
easy.  The  values  given  in  Table  I  are  for  tight  fits;  the  allow- 
ance for  easy  drive  fits  may  be  taken  as  one-half  of  that  given. 

9.  In  Table  I,  the  allowances  given  for  different  fits  repre- 
sent the  average  allowances  made  in  several  good  shops;  but 
the  conditions  prevailing  in  the  work  being  done  govern  the 
amount  of  force  necessary  to  force  two  pieces  together.  For 
this  reason  the  pressure  necessary  to  push  the  parts  together 
is  seldom  given  in  a  table  of  allowances.  For  force  fits,  the 
shaft  must  be  made  larger  than  the  bore  by  the  amount  given, 
and  for  sliding  and  running  fits,  smaller  by  the  amount  given. 

10.  The  pressure  required  to  force  the  work  home  varies 
with  the  allowance  made,  the  character  of  the  surfaces,  the 
material,  and  the  degree  of  hardness.     The  following  examples 


:dbv  Google 


ERECTING 


§26 


taken  from  practice  give  a  general  idea  of  the  relation  between 
pressure  and  fit  allowances: 

Two  crankpins  were  required  to  go  in  holes  5  in.  X  8  in.  at 
50  tons  pressure.  The  pins  were  turned  .003  inch  larger  than 
the  diameter  of  the  holes  and  went  home  at  a  pressure  of  45 
and  48  tons,  respectively. 

A  car  wheel  with  a  bore  4j  inches  in  diameter  and  7  inches 
long  required  a  pressure  of  30  tons  to  force  it  over  the  axle,  an 
allowance  of  .007  inch  having  been  made. 

11.  Taper  Pres.s  Fits, — For  some  purposes,  the  taper  fit 
is  preferable  to  the  straight  fit.     In  a  taper  fit,  the  hole  is  bored 


+AI 

owance  on 

aia(t 

-Allowance  on  Shaft 

Diameter 

Inches 

Inches 

I' 

es.s  Fit 

rJrive  Fit 

Shrink  Fit 

Sliding  Fit 

Running  Fit 

, 

ooi 

.00075 

.001 

.002  to  .004 

2 

002 

.00075 

.002 

.004  tox>06 

3 

002 

.00125 

.00225 

.003 

.006  to  .010 

4 

OOZ 

.00125 

.00300 

.004 

.007  to  .01 1 

5 

003 

.00375 

005 

.008  to  .01 2 

6 

003 

.00450 

.006 

.009  to  .015 

7 

003 

■00525 

.007 

.011  to  .017 

8 

004 

.00600 

.008 

.013  to  .018 

tapering,  frequently  ^  inch  per  foot,  and  the  internal  piece  is 
turned  to  the  same  taper  as  the  hole,  or  in  the  practice  of  some, 
an  increase  of  .001  of  an  inch  to  the  inch  of  length  is  allowed; 
that  is,  if  the  large  end  of  a  hole  20  inches  long  measures 
15  inches,  the  large  end  1^  the  internal  piece  would  be  made 
15.020  inches  in  diameter.  If  the  hole  is  very  long,  the  amount 
allowed  may  be  made  less  than  ,001  inch  per  inch  of  length. 

1 2.     Taper  fits  are  sometimes  made  in'the  following  manner : 
The  hole  in  a  hub,  wheel,  or  crank  is  first  bored  with  a  taper  of. 
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say,  ^  inch  per  foot.  A  hollow  cast-iron  plug  is  then  turned  or 
ground  to  correspond  to  the  hole  and  used  as  a  gauge  to  which 
the  inside  of  the  hole  is  scraped  until  it  is  true  and  round.  The 
pin  or  shaft  is  then  accurately  fitted  to  go  in  freely  to  within  a 
certain  distance  of  its  final  location,  generally  from  1  to  4  inches; 
it  is  then  pressed  home. 

The  following  example  taken  from  actual  practice  serves  to 
illustrate  the  method  of  making  taper  press  fits.  An  engine 
shaft  22  inches  in  diameter  had  a  shoiilder  on  each  end  for 
its  flywheel  and  crank,  respectively.  The  flywheel  had  a  bore 
30  inches  long  which  was  scraped  so  that  the  shaft,  which  was 
tapered  A  i"^h  to  the  foot,  would  slide  to  within  4i  inches  of  its 
location.  The  shaft  was  then  pressed  in  the  remaining  distance. 
The  bore  in  the  crank  was  I8|  inches  in  diameter  and  14  inches 
loi^;  the  shaft,  which  was  tapered  A  inch  to  the  foot,  was 
fitted  to  go  within  3  J  inches  of  the  shoulder  and  was  then  pressed 
home.  Similarly  the  crankpin,  which  was  also  tapered  fj  inch 
to  the  foot,  had  a  bearing  9}  inches  in  diameter,  and  11  inches 
long  and  was  fitted  so  as  to  go  within  2i  inches  of  its  seat  in  the 
crank,  being  pressed  on  the  remaining  distance. 

13.  ShrliLk  Pits. — In  the  absence  of  a  press,  the  shrink- 
ing process  is  often  resorted  to,  but  in  general  it  is  neither  as 
safe  nor  as  satisfactory.  In  this  process  the  internal  piece  is 
made  larger  than  the  hole  it  is  to  go  into,  and  the  external 
piece  is  then  expanded  by  heat  to  allow  the  internal  piece 
to  be  easily  slipped  in. 

The  amount  to  allow  for  a  shrink  fit  is  largely  a  matter 
of  jut^ment,  in  which  the  material  and  the  construction  of 
the  article  must  be  taken  into  consideration.  Krupp  allows 
.01  inch  to  the  foot  of  diameter  in. shrinking  on  locomotive 
tires,  while  American  builders  allow  a  little  more,  .012  inch 
in  1  foot  being  common  practice.  The  values  given  in  Table  I 
for  shrink  fits  allow  .009  inch  to  the  foot,  which  is  a  little 
lower  than  the  values  just  mentioned.  Care  should  be 
taken  not  to  allow  too  much,  since  either  the  external  piece 
may  pull  itself  apart  or  the  internal  piece  may  be  crushed  or 
distorted. 
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14.  Heating  Work  for  Shrink  Fits. — There  are  many 
ways  of  applying  the  necessary  heat  for  shrinking  purposes. 
In  some  instances  the  piece  to  be  heated  is  supported  by  fire- 
brick or  otherwise  over  a  suitable  fire,  perhaps  being  covered 
with  sheet  iron  or  asbestos  to  assist  in  retaining  the  heat. 
Again,  a  ring  of  gas  pipe  may  be  provided  with  holes  projecting 
radially  inwards  or  outwards  as  required,  the  jets  of  flame 
impinging  on  the  work.  If  a  large  number  of  duplicate  pieces 
are  to  be  assembled,  regu- 
lar furnaces  ma:y  be  em- 
ployed. 

A  very  convenient  burner 
for  heating  parts  in  making 
shrink  fits  is  shown  in  Pig.  3. 
A  piston  a  is  clamped  be- 
tween two  wooden  pieces, 
as  shown  in  the  illustration, 
and  a  gas  burner  b,  which 
embodies  the  principle  of 
the  Bunsen  burner,  is  sup- 
ported centrally  in  the 
piston-rod  hole.  The 
burner  has  a  number  <^ 
holes  in  its  circumference 
produdng  as  many  jets  of 
flame  as  there  are  holes,  which  strike  the  surface  to  be  heated. 
An  ordinary  rubber  gas  tube  c  connects  the  burner  with  a  gas 
pipe  on  the  wall. 


15.  Sectional  Keys  for  Shrinking:. — In  shrinking 
together  two  pieces  that  have  key  seats  that  must  line  with 
each  other,  a  device  known  as  a  sectional  key  may  be  advan- 
tageously used  for  alining  the  pieces.  One  form  of  this  device 
is  shown  in  Fig.  4.  Two  tapered  side  keys  a  and  b,  having 
handles  a'  and  b'  of  suitable  length,  are  placed  in  the  two  key 
seats  of  the  two  parts  that  are  being  shrunk  tc^ether;  and  when 
these  parts  are  in  place,  a  tapered  key  c,  with  a  long  handle  c' 
is  then  driven  in  between  them,  thus  forcing  the  side  keys  against 
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the  sides  o£  the  key  seats  and  alining  them.  When  the  work  has 
cooled  off,  the  device  is  removed,  and  the  permanent  key  fitted 
and  driven  home. 

16.  Ebnmples  of  Shrliiklng. — To  shrink  a  crankpin  in, 
the  pin  is  turned  to  the  required  size  and  the  crank  is  then  heated 
sufficiently  to  allow  the  pin  to  enter  freely.  Care  must  be  taken 
here  to  guard  against  the  pin  sticking  in  the  hole  before  it  is 
clear  in.  A  heavy  sledge  should  be  provided  on 
both  sides  of  the  crank,  as  the  pin  may  require  a 
little  driving  to  carry  it  clear  home.  If  the  crank 
shoujd  cool  too  rapidly,  the  pin  must  be  backed  out 
as  quickly  as  possible.  When  once  in  place,  the  pin 
should  be  kept  cool  by  applying  waste  soaked  in  cold 
water  or  by  keeping  a  stream  of  cold  water  flowing 
on  the  pin.  If  the  pin  gets  hot,  it  may  expand  the 
hole  and  the  fft  will  then  not  be  as  tight  as  was 
intended. 

17.  The  shaft  should  be  blocked  up  at  a  con- 
venient distance  from  the  floor,  with  the  key  seat  up. 
The  crank  should  be  heated  until  the  bore  shows 
sufficient  expansion  to  go  on  the  shaft  easily.  If  ^'°'  * 
the  crank  is  heavy,  it  should  be  picked  up  by  a  crane  in  such  a 
position  that  the  key  seat  will  be  on  top,  to  conform  to  that  in 
the  shaft.  All  dust  or  dirt  should  be  carefully  brushed  from  the 
crank,  which  should  be  quickly  shoved  up  to  the  shoulder  on 
the  shaft,  and  a  temporary  key,  fitting  sidewise,  should  then  be 
hghtly  driven  in  to  keep  the  key  seat  in  line.  Means  should  be 
provided  for  holding  the  crank  gainst  the  shoulder,  or  it  may 
slip  back  and  grip  the  shaft  so  tightly  that  it  can  never  be 
brought  up  into  its  correct  position.  The  permanent  key  may 
be  fitted  after  the  crank  is  cooled. 
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INSPECTION  OF  WORK 


18.  Raw  and  finished  materials  are  frequently  inspected  in 
testing  laboratories,  inspection  bureaus,  or  by  inspection 
engineers.  All  goods  inspected  are  marked  with  a  label  or 
trade-mark.  Among  the  items  usually  inspected  by  these 
firms  are  rubber-covered  cables  and  wires,  porcelains,  cements, 
hardware,  tubing,  sheet  steel,  conduit,  steels  of  all  kinds,  cast- 
ings, electrical  apparatus,  etc. 

19<  While  all  the  large  concerns  have  their  own  inspection 
departments  they  are  obliged  to  engage  outside  experts  from 
time  to  time,  either  because  their  own  experts  are  not  well 
qualified  to  pass  on  certain  raw  materials;  because  a  preliminary 
inspection  must  be  made  at  a  place  which  their  own  experts 
cannot  reach  readily;  or  because  of  the  requirements  of  the 
customer. 

The  building  up  of  an  efficient  inspection  corps  requires  a 
long  time  and  is  expensive,  and  for  these  reasons  small  concerns 
frequently  find  it  to  their  advantage  to  engage  the  services  of 
reliable  inspection  bureaus. 

20.  Inspection  of  Raw  Materials. — ^The  wwk  c£ 
inspection  may  be  divided  into  three  kinds,  inspection  of  raw 
materials,  inspection  of  work  in  pn^;ress,  and  inspection  of 
finished  products. 

21.  As  an  aid  to  the  purchase  of  the  proper  raw  materials 
and  their  subsequent  inspection  when  received,  many  of  the 
larger  concerns  prepare  so-called  purchasing  specifications, 
which  set  forth  the  physical  requirements  to  be  met,  tests, 
guarantees,  etc.'  Where  an  extensive  variety  of  subjects  is 
covered,  the  preparation  of  such  specifications  is  a  never-endii^ 
work  of  tremendous  magnitude,  as  the  list  must  be  constantly 
revised  and  augmented.  Some  items  do  not  lend  themselves 
to  a  complete  dcscrijJtion  by  specification;  for  example,  lubrica- 
ting oils  for  shafting  and  machine  tools;  felts  of  the  proper 
elasticity  or  springiness;  articles  of  any  kind  with  the  correct 
finish,  etc.     A  reference  sample  of  each  item  of  this  kind  is 
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usually  kept  in  a  storeroom  of  approved  materials,  where  it  can 
be  used  for  compftrison  as  consigmnetits  are  received  from  time 
to  time.  Similar  samples  may  likewise  be  forwarded  to  sup- 
pliers for  their  use.  On  the  receipt  of  materials  at  the  wcn-ls, 
they  are  inspected  and  tested  as  set  forth  in  the  specifications  or 
otherwise  deemed  necessary. 

Inspection  of  Matekials  Received 

Purchasing  Agents'  No No 

Requisition  No Date 

From  Whom  Purchased— 


The  Storekeeper  is  notified  that  the  articles  listed  below 
have  b«n  ( rejected— defecte  are  stated  on  reverse  ade 


Signed— 


22.  Fig.  5  shows  a  form  of  inspection  blank  adapted  to 
material,  whether  raw  or  tinished,  purchased  outside  and 
inspected  on  its  arrival.  On  this  blank  a  space  is  provided  for 
the  nimiber  of  the  card,  the  date,  the  purchasing  stent's  order 
number,  the  requisition  number,  and  the  name  of  the  firm  from 
whom  the  articles  were  purchased.  Under  the  word  quantity, 
the  inspector  writes  the  number  of  articles  that  have  been 
inspected.  If  they  are  satisfactory,  a  line  is  drawn  through  the 
word  "rejected"  and  the  blank  is  signed.  If  the  goods  are 
not  satisfactory,  a  line  is  drawn  through  the  word  "accepted," 
the  defects  are  listed  on  the  reverse  side  of  the  blank,  and  the 
blank  is  signed.  All  materials  falling  short  of  the  standards 
set  by  the  specifications  are  rejected  and  the  suppliers  notified 
at  once,  so  that  there  may  be  the  minimum  loss  of  time  in 
replacing  them.  ' 

23.  Limits  of  Accuracy  Required  In  Finished  Work. 

In  the  shop,  the  dimensioned  drawings  are  largely  used  by  the 
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shop  inspectors.  Formerly,  it  was  the  custom  to  place  on  draw- 
ings single  dimensions  only;  for  example,  if  a  shaft  was  to  be 
3  inches  in  diameter  and  10  feet  in  length,  these  dimensions 
were  specified  on  the  drawing.  But  it  is  beyond  human  skill 
to  make  a  shaft  absolutely  3  inches  by  10  feet;  and,  as  a  matter 
of  fact,  such  accuracy  would  not  be  required  even  if  within  the 
limits  of  possibility.  The  shaft  will,  when  completed,  be  found 
either  a  little  larger  or  a  little  smaller  than  the  exact  dimensions, 
and  experience  will  determine  just  how  great  the  variations  may 
be  without  making  the  piece  defective.  This  being  the  case, 
the  permissible  allowance  both  above  and  below  exact  size 
should  be  given  on  the  drawing.  When  this  is  done,  not  only 
will  the  workmen  have  a  guide  to  work  by,  but  the  inspectors 
will  have  one  as  well,  and  there  will  be  no  cause  for  perplexity 
on  the  part  of  any  one  connected  with  the  work  as  to  whether 
OT  not  it  should  be  passed. 

24.  Inspection  of  Work  In  Progrees. — For  best  results, 
all  work  should  be  inspected  as  it  progresses  through  the  shop, 
if  possible  while  actually  being  machined,  assembled,  or  other- 
wise worked  on.  This  course  is  recommended  in  preference 
to  waiting  until  a  piece  is  finished,  for  frequently  errors  may  thus 
be  caught  before  much  material  has  been  spoiled.  In  many 
cases  it  will  be  unnecessary  to  inspect  every  piece,  as  for  example 
in  screw-machine  or  other  automatic  or  semi-automatic  work. 
A  few  pieces  inspected  at  the  beginning  of  a  job,  to  see  that  the 
dimensions  check  with  the  drawing,  and  a  few  additional  pieces 
inspected  as  the  work  continues,  to  guard  gainst  wearing  of  the 
tools,  will  be  sufficient.  Where  a  piece  undergoes  a  sequence  of 
operations,  each  operation  being  dependent  on  the  accuracy 
of  the  one  preceding,  a  check  on  the  first  operation  will  prove 
siifficient. 

25.  Inspection  Bench,  Booms,  and  Tags. — When 
apparatus  or  parts  are  manufactured  in  large  quantities,  use 
is  made  of  dies,  limit  gauges,  templates,  etc. .  and  such  inspection 
is  therefore  a  comparatively  simple  matter.  In  many  instances, 
it  is  only  necessary  that  certain  dimensions  be  exact  and  these 
alone  are  checked.     Where  material  cannot  be  inspected  during 


^dbyGoOgle 


§  26  ERECTING  13 

its  manufacture,  it  is  a  good  plan  to  have  it  delivered  to  an 
inspection  storeroom.  Here  it  can  be  inspected  for  quality 
as  well  as  checked  for  quantity.  When  the  work  is  too  bulky 
to  permit  this  to  be  done,  it  should  be  sent  to  the  inspector's 
bench  or  inspected  while  on  the  floor  near  the  machine  on  which 
the  work  is  done.  When  large  or  medium-sized  work  is  made  in 
quantities,  a  serial  number  may  be  assigned  to  each  piece  and 
this  number  placed  on  the  time  slip  or  job  ticket  of  each  work- 
man who  is  engaged  on  the  job.  In  this  way  any  defect  may  be 
traced  back  to  the  right  workman  regardless  of  the  elapsed  time 
between  manufacture  and  inspection.  Inspection  tags  should 
be  used  after  each  inspection  unless  the  pieces  are  otherwise 
marked  by  an  inspector's  stamp,  and  a  sbgle  tag  may  often  be 
employed  for  a  quantity  of  small  items.  Considerable  aid  may 
be  rendered  the  inspection  force  by  the  manner  in  which  these 
tags  are  designed.  They  should  not  conast  simply  of  a  few 
ruled'  lines  on  which  the  inspector  is  to  write  the  name  of  the 
piece,  the  date  of  inspection,  and  sign  his  name  at  the  bottom. 
On  the  contrary,  a  list  of  the  vital  points  to  be  watched  by  the 
inspector  should  be  printed  in  the  form  of  questions  which  can 
be  answered,  wherever  possible,  by  a  simple  Yes  or  No.  This 
is  illustrated  by  the  tag  shown  in  Fig.  6,  iised  in  connection  with 
the  testing  of  railway  motors.  A  scheme  of  this  kind  will  prove 
of  the  greatest  value,  especially  when  the  inspector  is  compar- 
atively new  at  the  work.  Where  the  work  is  of  miscellaneous 
character,  the  plain  tag  must,  however,  be  used. 

26.  Judgment  Required  of  Inspector. — In  addition  to 
all  rules,  helps,  or  guides  for  the  assistance  of  inspectors  in  their 
work,  judgment  must  at  all  times  be  used  by  them.  A  knowl- 
edge of  the  application  to  which  each  piece  undergoing  inspec- 
tion is  to  be  put,  is  almost  essential  if  it  is  to  be  passed  or  rejected 
on  its  real  worth.  If  the  piece  is  a  rough  casting  or  forging  and 
no  finish  is  required,  the  variation  from  the  drawing  may  be 
very  considerable,  perhaps  a  quarter-inch,  or  even  more  if  the 
piece  is  of  large  size,  and  no  harm  will  probably  be  done;  in 
fact,  any  expense  incurred  in  bringing  the  piece  to  the  size 
specified  on  the  drawing  would  be  an  absolute  waste  of  time  and 
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money.  On  the  other  hand,  if  the  press-fit  portion  of  a  generator 
shaft  was  under  inspection,  a  very  close  adherence  to  specified 
dimensions,  possibly  within  .001  or  .002  inch,  would  be  neces- 
sary; otherwise,  the  shaft  might,  if  under  size  by  the  amount 
stated,  be  actually  loose  when  in  position,  or  if  oversize  by  an 
equal  amount,  might  rupture  the  generator  spider.  It  will  thus 
be  seen  how  large  a  part  good  judgment  plays  in  inspection 
Couple TE  Machine 

Has  frame  been  cleaned  and  painted  inside? 

Are  field  coils  tight  an<I  is  bore  of  field  correct? 

Are  poles  evenly  spaced? 

Do  interpole  bolts  extend  beyond  pole  face? 


IS  between  field  coi's  properly  cleaned  and  insulated  ? 

Has  flame-proof  braid  been  removed  from  brush -holder  leads  and  replaced 

Arehousingsenttrely  free  from  dirt  and  core  sand? 


Do  bearings  and  housings  fit  and  is  alinemenl  corrcct?^ 

Are  oil  grooves  chipped  in  cells? 

Is  drain  hole  provided  for  waste  oil? 


Are  brushholders  properly  spaced  and  is  the  brush  t 

Are  brushes  parallel  with  commutator  segments? 

Are  all  covers  properly  fitted? 


Is  pinion  t^ht  on  shaft  and  key  properly  fitted? 

Does  gear  case  clear  gear? 


Did  commutator  develop  high-bar  on  t«st? 

Serial 


Inspected  by 


work;  and,  without  going  into  further  explanation,  it  may  sim- 
ply be  stated  that  the  same  good  judgment  must  also  be  used 
in  dealing  with  the  workmen.  It  is  therefore  quite  evident  that 
every  mechanic  has  not  the  necessary  requisites  of  a  good 
inspector  and  that  this  position,  being  of  equal  importance  with 
that  of  foreman,  calls  for  the  best  men  available. 

27.    study  of  Defects  Disclosed  by  Inspection. — If 
the  full  value  of  inspection  is  to  be  obtained,  a  careful  study  oS 
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all  defects  found  by  the  inspectors  must  be  made.  To  this  end 
daily  reports  should  be  forwarded  by  each  inspector  to  the  head 
of  his  department,  who  should  classify  them  in  various  ways 
according  to  classes  of  apparatios  and  parts,  manufacturing 
departments  in  which  they  occur,  also  as  to  whether  due  to 
design,  workmanship,  material,  clerical  errors,  changes  made  by 
purchaser,  etc.  Such  a  complete  analysis  of  defects  will  indi- 
cate to  those  in  authority  where  the  troubles  lie  and  how  serious 
they  are,  with  a  view,  first,  to  correcting  the  defects  before  the 
apparatus  leaves  the  shop,  and,  second,  to  take  such  steps  as 
will  prevent  their  recurrence.  Besides  the  direct  money  loss 
due  to  various  defects  in  apparatus,  there  is  also  the  loss  in 
output,  the  demoralizing  effect  on  those  engaged  in  the  work, 
the  delay  in  shipments  and,  if  the  defect  gets  past  the  inspection 
force,  the  effect  on  the  purchaser.  It  is  an  axiom  of  every 
business  concern  that  it  pays  to  advertise  and  the  best  possible 
advertising  medium  is  a  pleased  customer.  It  is  equally  true 
that  a  displeased  customer  can  sometimes  offset  the  good  effect 
of  large  amounts  spent  in  advertising. 


EXAMPLES  OF  ERECTING 


ERECTION  or  LARGE  WHEELS 

28.  Lining  Up  Fylwheel  Shaft. — Large  flywheels,  rope 
wheels,  gear-wheels,  and  other  similar  wheels  are  usually 
assembled  in  the  erecting  pit.  The  assembling  and  machin- 
ing of  the  rim  of  a  large  built-up  flywheel  is  an  excellent  example 
of  the  use  of  the  erecting  pit.  The  following  method  of  doing 
this  work  may  be  used:  Parallel  bars  a.  Fig,  7,  are  bolted 
opposite  each  other  to  the  plates  surrounding  the  mouth  of  the 
pit,  and  temporary  bearings  b  that  will  bring  the  center  of 
the  shaft  c  about  30  inches  above  the  floor  level,  are  placed 
on  top  of  the  parallel  bars  so  that  they  arc  fairly  in  line  with 
each  other.  The  shaft  c  with  the  hub  d  on  it  is  now  picked  up 
by  a  crane  and  lowered  into  the  bearings,  which  are  properly 
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alined  to  suit  the  shaft.  The  bearings,  which  need  no  caps,  are 
now  bolted  down  to  the  parallel  bars.  Another  method  of 
setting  up  the  work  consists  of  blocking  up  the  shaft  until  it  is 
level;  the  bearings,  which  are  considerably  larger  than  the 
journals,  are  then  shifted  into  place,  bolted  down,  and  Babbitt 
metal  is  poured  into  them  around  the  journals. 

29.  Assembling  Blm  Sections  of  Flywheel. — ^All  the 
laces  of  the  sections  of  the  rim  having  been  properly  machined 
prior  to  the  erection,  one  section  is  picked  up  by  the  crane  and 
gently  lowered  on  the  hub,  to  which  it  is  fastened,  by  temporary 
bolts,  while  in  a  vertical  position.  The  shaft  is  now  revolved 
sufficiently  to  bring  the  next  seat  of  the  hub  to  a  horizontal 
position,  and  after  the  fastened  section  has  been  securely  blocked 
to  prevent  rotation  of  the  shaft,  another  section  is  lifted  into 
place  and  is  attached  to  the  hub  and  the  first  section.  This 
operation  is  repeated  until  the  wheel  has  been  assembled.  The 
holes  in  the  arms  and  hub  are  now  reamed  one  by  one  to  match 
exactly,  and  the  permanent  bolts  are  then  carefully  fitted, 
driven  home,  and  the  nuts  securely  screwed  up,  as  shown 
at  e,  YS%.  7. 

30.  Turning  Sides  and  Face  of  Rim  of  Flywheel. — To 
tirni  the  sides  and  face  of  the  rim,  means  must  be  provided  tor 
revolving  the  flywheel.  A  common  method  is  to  bolt  a  lai^e 
annular  gear,  which,  for  convenience,  is  made  in  short  sections, 
to  the  arms  of  the  flywheel.  One  of  these  sections  is  shown  at/, 
Fig.  7.  A  pinion  g  is  then  placed  in  m&h  with  the  gear  and  is 
driven  either  by  a  rope  drive,  by  a  belt  from  an  overhead  shaft, 
by  an  electric  motor,,  by  a  small  steam  engine,  or  by  a  com- 
pressed-air engine,  as  is  most  convenient.  A  heavy  bed  A  is 
then  bolted  across  the  pit ;  it  may  carry  two  slide  rests  t  to  allow 
both  sides  of  the  rim  to  be  finished  at  once. 

31.  Polishing  of  Rim  of  Flywheel.— If  the  flywheel  is 
to  have  the  rim  polished,  a  grinding  rig  carrying  a  suitable 
grinding  wheel  may  be  mounted  on  the  carriage  i.  Fig.  7.  The 
grinding  wheel,  which  is  driven  in  any  convenient  manner,  is 
then  fed  slowly  across  the  surface  that  is  to  be  ground  while  the 
fly  wheel  is  revolving  at  a  suitable  speed. 
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ERECTION  OF  LATHES  AND  PLANERS 


LATHES 

32.  SyBtetDS  of  Erection. — The  method  of  erecting 
lathes  varies  greatly  in  different  shops  and  also  with  different 
sizes  and  designs.  Some  makers  first  plane  the  grooves  in  the 
headstocks  and  tailstocks  to  a  gauge  and  then  bore  the  boxes 
of  the  headstocks  and  the  holes  for  the  tailstock  spindles,  while 
others  reverse  the  operation,  first  boring  the  boxes  and  the  holes 
in  the  tailstock  spindles  and  then  planing  the  grooves  in  the 
bottoms  of  the  headstocks  and  tailstocks.  Both  systems,  or 
modifications  of  both,  are  frequently  used  in  the  same  shop. 
The  second  system  is  generally  used  on  small  lathes,  up  to 
18  inches  swing,  while  in  larger  lathes  the  first-mentioned  sys- 
tem is  more  common, 

33.  Seasoning  Beds.— Where  extremely  accurate  lathes, 
such  as  toolmakers'  lathes,  are  to  be  made,  the  beds  should  be 
east  several  weeks  before  they  are  to  be  used,  and  allowed  to 
season.  This  seasoning  consists  in  simply  piling  them  in  some 
convenient  place  in  such  a  way  that  they  will  not  be  subjected 
to  any  outside  forces,  and  allowing  the  stresses  in  the  casting 
itself  to  become  equalized.  Where  extremely  accurate  work  is 
required,  a  roughing  cut  is  taken  off  the  surfaces  to  be  planed 
and  the  beds  are  again  allowed  to  season  for  a  short  time  befco'e 
being  finished, 

34.  Machining  Beds. — Lathe  beds  are  generally  finished 
on  the  planer.  The  V  grooves,  guides,  or  shears  are  usually 
planed  to  gauges.  The  outside  edges  of  the  bed  and  the  flat 
top  between  the  ways  are  also  planed.  After  the  work  leaves 
the  planer,  the  space  between  the  grooves,  the  outside  edge,  and 
the  fiat  top  of  the  bed  should  be  filed  and  polished  as  soon 
as  possible,  as  they  can  be  finished  much  easier  and  in  less  time 
immediately  after  planing  than  when  the  work  has  been  exposed 
to  the  air  of  the  shop  for  some  time.  The  file  takes  hold  of  the 
freshly  planed  work  better  than  it  does  after  the  surfaces  have 
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become  slightly  rusted.  Some  mechanics  claim  that  a  file  does 
not  take  hold  of  the  surface  of  a  casting  that  has  stood  for 
some  time  after  planing  because  the  surface  becomes  covered 
with  a  thin  coating  of  grease  that  is  deposited  from  the  air  of 
the  shop. 

35.  Testing  and  Scraping  Beds. — The  ways  are  usually 
tested  by  a  straightedge  and  then  scraped,  or,  if  necessary,  they 
are  filed  and  scraped.  However,  one  shop,  in  which  small 
lathes  are  made  in  lots  of  from  twenty-five  to  one  hundred  at  a 
time,  uses  a  special  surface  plate  made  as  shown  in  Fig.  8  for 
each  size  of  lathe.  This  surface'  plate  has  been  fitted  up  with 
great  care,  so  that  both  the  top  and  bottom  ways  a  and  b  match 
each  other;  it  has  a  trunnion  at  each  end  and  can  be  lifted 
by  a  chain  block  or  air  lift.  The  hoist  is  connected  to  the  sur- 
face plate  by  a  bail;  that  is,  a  yoke-shaped  handle  of  such  con- 


struction that  it  may  readily  be  secured  to  the  plate.  The 
trunnions  permit  the  plate  to  be  turned  with  ease,  either  side  up. 
The  ways  on  the  lathe  bed  are  scraped  to  fit  the  grooves  a,  and 
the  headstock,  tailstock,  and  saddle  are  scraped  to  fit  the  ways  b. 
The  saddle  is  sometimes  scraped  to  the  ways  on  the  bed. 

36.  Machining  and  Fitting  Headstocks  and  Tail> 
stocks. — The  headstocks  and  tailstocks  of  smalt  lathes  are 
frequently  made  ready  for  the  boxes  and  caps  by  milling, 
while  the  larger  sizes  are  planed,  machining  them  if  posable 
by  the  gang  system;  that  is,  a  large  number  are  put  on  the 
planer  table  in  line,  and  all  are  machined  together.  Jigs 
are  usually  provided  for  holding  the  pieces  on  the  milling 
machine,  and  may  also  be  employed  on  the  smaller  sizes  when 
the  work  is  done  on  the  planer.  The  legs  arc  fitted  and  bolted 
to  the  bed  at  any  convenient  time,  but  generally  before  the  ways 
on  the  bed  arc  scrajxHl. 
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The  machined  castings  for  the  headstocks  and  tailstocks 
are  nex.t  sent  to  the  fitter;  the  boxes  and  caps  are  then  fitted 
to  the  headstocks,  and  the  tops  and  bases  of  the  tailstocks 
are  fitted  to  each  other. 

37.    Boring  for  Headstook  and  Tallstock  Spindles. 

There  are  two  general  systems  for  boring  the  holes  for  the 
spindles  in  lathe  headstocks  and  the  tailstocks.  In  the  case 
of  small  lathes,  the  boring  is  usually  done  first,  after  which 
an  arbor  is  placed  in  the  bored  holes  of  both  headstock  and 
tailstock.    This  arbor  is  made  to  fit  the  holes  in  both  accu- 


rately, and  serves  to  bring  them  into  line.  While  the  pieces 
are  held  in  line  by  means  of  the  arbor,  the  V  grooves  are  planed 
in  them.  In  the  case  of  larger  lathes,  the  V's  are  usually  planed 
first  and  the  headstock  and  tailstock  fitted  to  the  ways  on  the 
bed.  After  this,  a  special  fixture  carrying  a  boring  bar  is  tised 
for  boring  the  holes  in  the  headstock  and  tailstock.  This  fixture 
is  constructed  so  that  it  holds  the  boring  bar  parallel  to  the  V's  or 
ways  of  the  lathe.  A  special  jig  may  be  used  for  holding  the 
headstock  and  tailstock  while  boring,  instead  of  putting  them 
on  the  bed.  After  the  boring  is  completed  and  the  V's  are 
planed,  the  work  of  erecting  actually  begins. 
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38.  Fitting  Headstock  and  TallstxMik  to  Bed. — Lathe 
erection  differs  somewhat  in  different  shops,  but  the  follow- 
ing may  be  taken  as  the  general  method  of  procedure:  The 
bed,  with  the  legs  attached,  is  placed  in  position  on  the  erecting 
floor  and  leveled  until  it  is  out  of  wind.  The  V's  or  ways  are 
tested  by  means  of  straightedges  and  suitable  gauges.  The 
headstock  and  tailstock  are  then  scraped  to  fit  the  V's. 

When  the  headstock  and  tailstock  have  been  brought  to 
fit  the  V's  fairly  well,  their  spindles  are  broi^ht  into  aljne- 
ment  by  means  of  proof  bars,  as  shown  at  a.  Figs.  9,  10,  and  11. 
These  proof  bars  fit  the  boxes  of 
the  headstock  and  the  bore  of  the 
tailstock  spindle.  The  ends  6  of  ( 
the  proof  bars  are  finished  by 
grinding  to  exactly  the  same 
diameter,  so  as  to  allow  them  to 
be  used  in  making  measurements 
for  ahnement. 

39.  When  making  measure- 
ments  for  horizontal  alinement 
the  special  saddle  c.  Figs.  9 
and  10,  is  used.  This  saddle  is 
provided  with  a  groove  fitting 
one  of  the  V's  of  the  bed,  and  f 
carries  a  slide  d  to  which  an  up- 
right arm  e  is   fastened.     The 

headstock  and  tailstock  with  the  proof  bars  in  them  are  placed 
on  the  bed  at  some  distance  from  the  ends.  The  temporary 
saddle  is  placed  near  one  end  of  one  of  the  proof  bars,  and  the 
slide  d  is  adjusted  imtil  the  feeling  piece,  as,  for  instance,  the 
steel  rule  /,  will  just  fit  between  the  face  of  the  upright  e  and 
the  end  b  of  the  proof  bar.  The  saddle  c  is  then  shifted  to  the 
other  end  of  the  proof  bar,  and  the  distance  between  e  and 
the  end  of  the  proof  bar  tested,  without  disturbing  the  position 
of  the  upright.  This  operation  is  then  repeated  for  the  other 
proof  bar.  The  manner  in  which  the  feeling  piece  goes  in 
shows  whether  the  headstock  and  tailstock  arc  in  perfect  aline- 
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ment  in  a  horizontal  plane.  If  not,  the  grooves  that  fit  on 
the  V's  of  the  lathe  are  scraped  until  the  piece  that  is  out  of 
alinemcnt  is  brought  into  perfect  alinement.  Sometimes  a 
machinist's  indicator  or  some  form  of  micrometer  head  is  car- 
ried on  the  upright  e.  Such  a  device  as  this  serves  to  measure 
the  amount  that  the  spindles  are  out  of  alinement. 

40.  To  test  the  vertical  alinement  of  the  spindles,  a  jack  g. 
Fig.  11,  may  be  placed  on  top  of  the  parallel  c  and  the  screw 
adjusted  imtil  it  will  just  touch  one  end  of  the  proof  bar.  The 
parallel  and  the  jack  are  then  shifted  to  the  other  end  of  the 
proof  bar.     The  manner  in  which  the  jack  goes  under  the  bar 


^ 


determines  which  way,  if  any,  either  end  of  the  spindle  is  out  of 
line.  This  method  not  only  tests  the  alinement  of  the  head- 
stock  and  tailstock  spindles  in  respect  to  each  other,  but  at  the 
same  time  tests  their  alinement  with  the  ways  or  line  of  motion. 

41,  Fitting  SaddleH. — After  the  headstock  and  tailstock 
arc  lined,  the  saddle  is  placed  on  theV'sandaround  test  piece  a. 
Fig.  12,  is  placed  against  the  cross-slide  b.  This  test  piece  should 
be  ground  exactly  cylindrical  and  should  be  long  enough  to 
project  several  inches  beyond  the  sides  of  the  saddle.  An  arm  c 
is  now  fastened  to  the  proof  bar  and  the  setscrew  d  brought  in 
contact  with  the  bar  a.    The  arm  c  is  then  rotated  to  the 
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opposite  side,  to  the  position  shown  by  the  dotted  lines.  If 
the  screw  d  does  not  show  the  saddle  to  be  square,  it  must 
be  shifted  by  scraping  the  V's  in  the  saddle  until  the  cross-slide  b 
is  at  right  angles  to  the  V's,  as  shown  by  the  test  bar  a  and 
screw  d, 

42.  Assembling  Parts  of  Lathe. — After  the  headstock, 
tailstock,  and  saddle  are  brought  into  alinement  with  the  V's,  the 
tailstock  spindle  and  anchor  are  added  to  the  tailstock,  and  the 
spindle,  back  gears,  feed-mechanism,  and  feed-reversing  mecha- 
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nism  are  placed  in  position  on  the  headstock.  The  set-over 
screws  must  be  in  the  tailstock  while  lining  the  tailstock  spindle 
if  the  two  spindles  are  to  be  brought  into  line  with  each  other. 
43.  Fitting  Apron, — The  apron  is  next  clamped  to  the 
saddle  and  tested  for  alinement  by  using  a  proof  bar  placed  in  the 
lead-screw  or  feed-rod  bearings.  Measurements  for  alinement 
are  taken  from  the  bar  to  the  edge  and  to  the  top  of  the  bed. 
If  necessary,  the  apron  is  brought  into  alinement  by  filing  its 
top  and  back.  The  apron  is  then  secured  in  position  by  screws. 
and  the  boxes  for  carrying  the  lead  screw  and  fcTd-rod  are  placed 
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on  special  bearings  provided  on  the  ends  of  the  apron  proof  bar. 
The  boxes  are  then  moved  into  contact  with  the  pads  on  the 
bed,  which  have  been  provided  to  carry  them.  These  pads  have 
been  previously  planed,  and  the  boxes  are  marked  and  then 
planed  to  fit  on  the  pads,  after  which  they  are  fastened  to  the 
bed,  and  the  feed-rod,  the  lead  screw,  and  the  remainder  of  the 
feed-mechanism  and  screw-cutting  mechanism  are  put  in  place. 

44.  Taper  Holes  to  Headstock  Spindles. — ^Tbe  taper 
hole  for  the  center  of  a  live  spindle  is  put  in  by  different  methods; 
its  accuracy  is  sometimes  very  intimately  connected  with  the 
assembling  or  erection  processes.  Some  makers  prefer  to  rough 
out  the  spindle,  particularly  if  it  is  a  small  one,  and  then  to  drill, 
ream,  and  hand  ream  the  hole,  after  which  the  spindle  is  cen- 
tered by  the  hole  and  trued  outside,  a  plug  having  been  fitted  to 
the  taper  hole. 

45.  Another  method  that  has  many  advantages  is  used  exten- 
sively for  large  spindles.  The  spindle  is  centered  and  a  steady- 
rest  seat  is  turned  on  both  ends,  if  it  is  to  be  a  hollow  spindle; 
the  hole  is  then  put  through.  Plugs  are  driven  in  both  ends 
if  the  hole  is  larger  than  an  ordinary  lathe  center,  and  the  spindle 
is  finished  with  the  exception  of  the  face-plate  thread  and  the 
taper  hole.  The  assembler  or  erector  puts  the  unfinished 
spindle  into  its  place,  and  if  a  large  number  of  headstocks  are 
to  be  finished,  he  places  them  successively  on  a  lathe  bed  made 
for  the  purpose  and  provided  with  a  taper  attachment,  and  bores 
the  taper  hole  true,  smoothing  it  with  a  hand  reamer.  He  com- 
pletes the  work  by  cutting  the  thread  to  fit  the  face  plate.  In 
large  lathes  built  in  small  quantities,  the  headstock  is  mounted 
on  its  own  bed  for  boring  the  taper  hole  in  the  spindle  and  for 
cutting  the  thread;  a  compound  rest  is  used  for  boring  the  hole 
in  case  the  lathe  has  no  taper  attachment.  The  process  by  which 
the  spindle  is  finished  in  its  own  bearings  has  the  important 
advantage  that  with  reasonable  care  and  skill  on  the  part  of  the 
erector  the  taper  hole  and  the  thread  will  be  concentric  with 
the  bearings  of  the  spindle. 

46.  Patching  Chipped  Castings. — In  the  handling 
of  heavy  castings,  chips  or  flakes  are  often  knocked  off  by  acd- 
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dental  collisions  with  other  work.  While  the  machine  may  not  be 
weakened  appreciably,  such  defects  are  unsightly,  and  for  the  sake 
(rf  appearances  should  be  remedied.  There  are  compoimds  on  the 
market  especially  prepared  for  this  work.  The  compound  is  made 
up  to  the  consistency  of  putty,  and  is  pressed  over  the  deface- 
ment and  allowed  to  harden.  When  once  hard,  it  adheres  firmly 
and  may  be  filed  like  iron.     It  then  presents  a  metallic  surface. 

47.  Inapection. — All  machines  are  more  or  less  defec- 
tive, as  it  is  practically  impossible  to  make  anything  abso- 
lutely perfect.  Knowing  this,  the  builder  establishes  a  limit 
within  which  the  error  will  not  materially  affect  the  working 
of  the  machine,  and  furnishes  the  inspector  with  a  list  of  such 
defects  and  their  limits,  with  in-  ^  ^ 

stnictions  not  to  allow  a  machine 
to  pass  until  the  errors  have  been 
brought  within  the  allowable 
limits. 


48.  The  tapered  hole  in  the 
headstock  spindle  is  tested  by 
means  of  a  proof  bar,  to  see 
whether  it  is  concentric  with  the 
spindle  journals.  This  bar  is 
ground  tapering  to  fit  the  hole 
in  the  spindle  and  is  cylindrical 
the  remainder  of  its  length.  It  may  project  a  foot  from  the 
spindle  for  the  smaller  lathes  and  more,  proportionately,  for 
the  larger  ones.  By  revolving  the  spindle  and  applying  the 
indicator  to  the  bar  at  the  mouth  of  the  hole  and  again  at 
the  outer  end,  the  amount  of  error  is  easily  determined. 

The  alinement  of  both  spindles  in  reference  to  each  other 
may  be  tested  by  means  of  the  pair  of  disks  shown  in  Fig.  13, 
which  are  made  with  taper  shanks  a  that  fit  the  taper  holes  in 
both  spindles.  The  disks  b  are  ground  to  the  same  diameter 
and  are  faced  as  square  as  possible.  They  are  placed  one  in 
each  spindle;  the  tailstock  is  then  moved  iip  to  the  headstock, 
and  when  the  faces  c  of  the  disks  are  brought  nearly  in  contact 
the  amount  of  error  is  readily  measured  with  a  thickness  gauge. 
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A  pair  of  centers,  having  cylindrical  ends  exactly  the  same 
size,  with  the  ends  faced  square,  arc  sometimes  used  by  the 
erector  to  determine  if  the  spindles  are  in  line.  One  is  placed 
in  each  spindle,  and  the  two,  when  brought  up  end  to  end,  show 
very  closely  any  error  in  alinement. 

49.  The  leadscrew,  being  particularly  liable  to  error,  is 
tested  for  any  deviation  from  the  true  pitch  in  lengths  of 
12  inches  at  different  points  along  the  screw.  Gearing  of  all 
sorts  is  inspected  and  tested  for  alinement  and  smoothness  of 
operation.  The  fits  of  all  wearing  surfaces  are  tested,  as  well 
as  the  fits  of  t^e  various  screws  and  binding  and  clamping 
fixtures.  No  part  is  neglected,  and  no  defective  material  or 
faulty  workmanship  is  allowed  to  pass. 

The  inspector  is  usually  provided  with  a  printed  blank  for 
reporting  each  lathe.  The  serial  number  stamped  on  the  lathe 
appears  on  the  report,  which  is  filed  in  the  office  for  reference 
should  complaint  be  made  or  repairs  ordered. 

50.  Filling  and  Painting  Haclilnes. — Most  machines 
are  finished  by  a  coat  of  paint.  The  surfaces  of  the  castings  are 
cleaned  first  in  the  foundry  scratch  room,  and  any  remaining 
dirt  or  irregularities  and  unevennesses  of  joined  parts  are 
removed  during  erection  by  chipping  and  filing  so  far  as  may  be 
necessary  to  make  a  good  surface.  The  shop  painter  next 
goes  over  the  surfaces  with  a  filler,  which  is  a  thick,  heavy, 
very  adhesive,  and  quick-drying  paint.  It  is  appUed  with 
a  putty  knife,  as  it  is  about  as  thick  as  very  soft  putty  or 
fre^y  opened  white  lead.  This  filler  hardens  rapidly  when 
exposed  to  the  air.  The  filled  surfaces  are  then  smoothed 
by  wetting  and  rubbing  them  with  a  piece  of  grindstone  or 
of  a  broken  emery  wheel,  or  by  simply  rubbing  them  with  coarse 
sandpaper.  When  the  smoothing  has  been  finished,  one  or 
two  coats  of  paint  of  the  desired  color  are  applied.  Green  paint 
is  preferred  by  some  builders  and  shop  superintendents,  as  it 
gives  a  lighter  appearance  to  the  shop  than  blade  paint.  Green 
and  even  lighter  paints  are  much  used  for  machine  tools,  and 
if  the  painted  surfaces  are  covered  with  a  varnish  that  will  resist 
oils,  they  are  easily  kept  clean  and  the  general  appearance  of 
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the  shop  is  thus  much  improved.  Steel-gray  metallic  paint  is 
preferred  by  some  builders  owing  to  the  attractive  appearance 
it  gives  to  the  machines. 

PLANBBS 

51.  Shop  Erection. — In  planer  erection  the  principal 
points  to  be  considered  are  that  the  method  must  be  such  as  to 
quickly  and  cheaply  assemble  the  parts  so  that  they  will  all  be 
in  their  proper  relation  to  each  other  and  that  the  alinement  of 
the  various  parts  will  be  perfect  within  the  required  limits. 
Small  planers  can  be  erected  much  easier  than  large  ones, 
because  there  is  less  spring  in  their  beds.  When  manufactur- 
ing small  planers,  the  parts  may  be  so  accurately  made  by  means 
of  gauges  and  templets  that  they  can  be  assembled  and  made 
practically  interchangeable.  In  the  case  of  large  planers,  the 
parts  cannot  be  made  interchangeable,  as  the  bed  depends 
on  the  foundation  for  its  support,  it  being  impracticable  to 
make  a  casting  large  enough  to  insure  perfect  rigidity  in  the  bed. 
Hence,  in  the  case  of  large-sized  planers,  each  machine  must  be 
treated  by  itself.  All  the  points  in  the  erection  of  a  small  planer 
are  involved  in  the  erection  of  a  large  planer,  as  well  as  many 
other  complicating  factors;  consequently,  the  erection  of  a 
planer  of  this  class  will  be  given  in  detail . 

52.  Planers  may  be  divided  into  three  classes:  smali, 
which  plane  work  up  to  24  inches  square,  that  is,  in  width  and 
height;  medium-sized,  which  plane  work  from  24  to  40  mches 
square;  and  large,  which  plane  work  larger  than  40  inches  square. 
Small-sized  planers  are  usually  provided  with  a  single  head  for 
carrying  the  tool,  the  head  being  placed  on  the  cross-rail  between 
the  housings.  Most  medium-sized  planers  have  two  heads  on 
the  cross-rail.  The  larger  planers  are  all  provided  with  two 
heads  on  the  cross-rail  and  with  one  head  on  each  upright. 

53.  Planers  may  also  be  divided  into  two  classes  in  regard  to 
■   their  construction;  that  is,  into  those  having  double  hous- 
ings, or  closed  planers,  and  those  having  but  one  housing,  or 
open-side  planers.     The  erection  of  these  types  as  far  as  the 
general  principles  are  concerned,  does  not  differ  greatly;  the 
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erection  of  the  closed  type  involves  the  bringing  of  the  housings 
parallel,  and  hence  planers  of  this  type  will  be  considered. 

54.  Precautions  in  Regard  to  Castings. — All  castings 
for  planers  should  be  made  from  good  close^rained  iron. 
The  castings  for  the  table  should  be  of  a  soft  but  tough  nature, 
so  that  the  upper  surface  can  be  planed  true  at  one  setting  of 
the  tool,  for  if  the  casting  were  hard  it  would  wear  the  tool 
enough  to  throw  the  surface  appreciably  out  of  true.  Very 
large  planer  beds,  and  occasionally  large  planer  tables,  are 
made  in  two  or  more  pieces  and  joined  by  means  of  bolts  and 
dowel-pins, 

55.  All  the  larger  castings  for  the  planer  should  be  planed  to 
carefully  tested  gauges,  and  every  angular  surface  tested  to  make 
sure  that  the  angle  is  correct.  The  woik  should  be  tested  with 
a  straightedge  on  the  machine  to  make  sure  that  the  planer  is 
not  working  concave  or  convex.  Care  taken  in  planing  these 
parts  will  reduce  the  work  of  the  fitter  and  erector.  Long  beds 
or  tables  that  are  made  in  sections  should  have  their  ends  planed 
perfectly  square  and  should  be  bolted  together  as  securely  as 
possible  with  fitted  bolts  and  dowels.  After  all  machine  woric 
is  done,  the  erection  proper  b^ins. 

56.  Supporting  of  Bed.— ^The  planer  bed  a.  Fig,  14  (a),  is 
supported  on  cast-iron  parallel  blocks  b  placed  6  or  8  feet  apart 
along  the  whole  length  of  the  bed.  Planed  cast-iron  wedges  c, 
arranged  as  adjustable  parallels,  may  then  be  placed  between 
the  parallel  blocks  b  and  the  bed. 

A  better  form  of  adjusting  block  used  by  some  builders  is 
similar  to  the  block  shown  in  (c).  It  con^sts  of  a  base  a  having 
an  inclined  surface  b  on  which  the  tapered  adjusting  block  c 
slides.  The  top,  bottom,  and  inclined  surfaces  are  planed  true. 
Adjustment  is  made,  by  moving  the  adjusting  block  in  or  out 
by  means  of  the  adjusting  screw  d.  The  lugs  e  are  slightly 
higher  than  the  slide  and  act  as  stops  when  brought  gainst  the 
edge  of  the  bed.  A  clamp  jack  d,  Fig.  14  (a),  is  placed  under  the 
bed  at  each  side  just  forward  of  the  hou^gs.  This  may 
be  removed  if  necessary  while  putting  in  the  driving  gearing. 
The  blocking  under  the  uprights  should  be  so  arranged  that 
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it  will  not  interfere 
with  the  driving  and 
feed-mechanism  dior- 
ing  erection.  As  these 
details  vary,  the 
__  blocks  must  be  ar- 
*  ranged  to  suit  each 
different  machine.  It 
is  best  to  put  the  hous- 
ings or  uprights  e  in 
their  places  on  the  bed 
before  the  leveling 
operation,  as  the  ad- 
dition of  their  weight 
may  throw  the  bed 
out  of  level  again  if 
they  are  placed  in  po- 
sition afterwards.  In 
3  some  cases  the  up- 
^  rights  e  are  supported 
on  erecting  jacks  in 
place  of  blocking,  as 
this  facilitates  adjust- 
ment of  the  parts  dur- 
S   ing  leveling. 

57.  LevelinjT 
of  Bed. — Several 
methods  may  be  fol- 
lowed in  leveling  a 
planer  bed,  depending 
on  the  tools  at  hand. 
They  all  require  con- 
siderable care.  The 
process  here  described 
will  give  very  good  re- 
sults if  the  work  is 
carefully  done-     The 
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leveling  is  done  as  follows:  A  pair  of  V-shaped  parallels  /, 
Fig.  14  (6),  about  3  feet  long,  are  placed  one  in  each  of  the  ways 
or  V's  of  the  bed.  These  parallels' have  been  scraped  as  nearly 
true  as  it  is  possible  to  make  them,  and  they  may  have  center 
lines  on  them.  A  sensitive  level  is  used  on  the  top  and  one  ade 
of  the  bed  is  carefully  leveled  by  moving  this  parallel,  short 
distances  at  a  time,  over  the  entire  length,  adjusting  the  wedges 
under  the  bed  where  necessary.  The  other  parallel  is  used  in  a 
similar  manner  in  the  other  V,  and  by  placing  a  straightedge 
across  both  of  the  parallels  and  using  the  level  on  it,  the  work 
is  leveled  crosswise.  The  operation  of  first  leveling  one  side  and 
then  cross-leveling  to  the  other  is  repeated  until  no  further 
errors  can  be  detected. 

58.  Setting  of  Housings. — The  housings  e.  Fig.  14  (fc),  are 
now  tested  and  brought  exactly  plumb  by  placing  a  straightedge 

across   the   blocks 

,^.  lying  in  the  V's  and 

p^  --'"'s  uang  a  large  square 

^3 — QnUi'tt**'  ^  on  the   straightedge. 

"  In  the  case  of  large 

"■ '  planers  having  a  very 

heavy  cross-rail  and  heads,  some  makers  do  not  attempt  to  bring 
the  housings  exactly  plumb  on  their  faces,  but  allow  them  to 
lean  back  .0005  inch  for  every  foot  in  height,  as  the  weight  of 
the  cross-rail  and  heads  will  bring  the  housings  forwards  some- 
what, and  this  allowance  will  about  correct  the  error.  The 
housings  are  squared  both  sidewise  and  in  front,  and  the  dis- 
tances between  them  at  the  top  and  bottom  are  made  equal. 

59.  In  gauging  the  distances  between  housings  on  a  large 
planer,  use  may  be  made  of  a  large  adjustable  pin  gauge  illus- 
trated in  Fig.  15  (a),  which  consists  of  a  bar  of  white  pine  or 
some  other  light  wood,  fitted  with  a  screw  inserted  endwise  at 
each  end.  The  bar  should  be  1|  to  2  inches  shorter  than  the 
distance  between  the  housings,  and  the  screws  may  be  simply 
2i-inch  wood  screws  with  their  heads  filed  off  and  the  ends 
pointed  and  rounded,  as  shown  in  detail  in  Fig.  15  (fc).  The 
bar  may  be  tapered  from  the  center  toward  both  ends,  and  in 
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tbe  case  of  a  rod  for  measuring  a  distance  of  approximately 
10  feet,  the  wooden  bar  must  be  about  li"x2J''  in  the  center. 
The  advantages  of  the  wood  are  that  it  is  lighter  than  metal 
and  that  it  is  affected  less  by  expan^on  and  contraction  due 
to  varying  temperature.  No  fixed  distance  is  made  between 
the  housings  on  a  large  planer,  the  only  object  being  to  make  it 
the  same  at  the  top  and  the  bottom,  and  this  device  becomes 
only  a  large  inside  caliper. 

60*  During  the  operation  of  setting  the  housings  parallel 
the  gauge  is  first  set  to  the  smallest  distance,  whether  it  is  at 
the  top  or  bottom.  The  gauge  is  then  moved  to  the  wider  end 
and  the  approximate  difference  between  the  two  ends  found  by 
putting  strips  o£  paper  or  sheet  metal  between  the  end  of  the 
gai^e  and  the  housing.  The  housing  bolts  are  then  slackened 
off  and  strips  of  paper  or  thin  sheet  metal  placed  between  the 
bed  and  the  housing  so  as  to  bring  the  latter  parallel  to  the 
other  housing  when  the  bolts  are  tightened.  The  thickness 
of  the  material  inserted  will  depend  on  the  amount  the  housings 
are  out  of  parallel.  This  process  is  repeated  until  the  housings 
are  correctly  set,  the  gauge  being  adjusted  from  time  to  time  as 
necessary.  The  thickness  of  the  strips  inserted  is  then  measured 
with  a  micrometer  and  an  equal  amount  of  metal  filed  or  scraped 
from  the  side  of  the  bearing  surface  opposite  the  ade  where  the 
strips  were  placed.  The  bolts  are  then  tightened  and  the  dis- 
tances again  gauged.  If  now  the  housings  are  found  to  be  the 
same  distance  apart,  top  and  bottom,  the  adjustment  is  correct. 

After  the  housings  are  perpendicular  to  the  bed  and  parallel  to 
each  other,  the  arch,  or  top  rail,  is  squared  off  to  the  length  indi- 
cated by  the  gauge  and  bolted  in  portion.  In  the  case  of  large 
planers,  no  att«npt  is  made  at  interchangeability  in  this  respect, 
but  each  top  rail  is  fitted  to  the  planer  on  which  it  is  to  be  used. 

61.  '  Placing   Table    and    Driving   Hechajilam. — The 

ways  on  both  table  and  bed  are  finished  by  removing  all  loose 
metal  and  scraping  them  until  they  fit  and  have  good  wearing 
surfaces.  The  driving  mechanism  and  the  table  are  then  put 
in  place,  after  which  the  table  rack  is  planed  to  the  required 
thickness  and  secured  to  the  table. 
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62.  Squaring  Cross-Rail.— The  cross-rail  d.  Fig.  16. 
must  be  set  true  to  the  V's  in  which  the  planer  table  slidcs. 
One  way  of  accomplishing  this  is  illustrated  in  the  figure.  The 
table  a  is  run  back  far  enough  to  expose  the  V's  under  the  cross- 
rail  and  two  cylindrical  pieces  b,  b'  of  exactly  the  same  diameter 
arc  laid  in  the  V's.  A  square-nosed  tool  c  is  set  flat  in  the  tool 
post  and  brought  over  one  of  the  cylinders  b.  The  tool  is 
then  adjusted  until  a  feeling  piece  can  just  be  moved  between 
the  cylinder  and  the  tool.  Another  method  is  to  use  a  machin- 
ist's indicator  in  place  of  the  tool,  and  bring  the  point  of  the 
indicator  in  contact  with  the  cylinder.  The  tool  or  indicator 
is  now  run  to  the  opposite  side 
of  the  planer  and  central  over 
the  cylinder  b'.  If  b'  is  found 
to  be  higher  or  lower  than  b. 
the  error  must  be  corrected  by 
adjusting  one  end  of  the  cross- 
rail  up  or  down,  which  may 
be  done  in  a  number  of  ways. 
Some  makers  find  that  a  suffi- 
ciently close  adjustment  can  be 
obtained  by  moving  one  of  the 
gears  k  or  k'  one  tooth,  so  as 
to  raise  or  lower  one  end  of 
the  cross-rail  this  amount. 
Other  makers  leave  one  of  the 
pinions  m  or  m'  loose  until  the 
adjustment  has  been  made,  after  which  they  key  it  in  place. 
Still  others  attach  one  of  the  pinions,  as  m',  by  means  of  a 
sctscrew,  as  shown  at  n,  the  setscrew  being  tightened  after 
adjustment. 


63.  As  the  cross-rail  is  moved  up  and  down  by  two  screws 
operated  by  the  gears  k  and  k',  when  one  end  of  the  rail  is 
found  to  be  low,  it  should  be  raised  the  proper  amount.  When 
the  sctscrew  method  of  adjustment  is  used,  this  can  be  accom- 
plished by  loosening  the  screw  k  and  turning  the  loose  pinion  m' 
d  amount.    By  repeating  these  trials  the  cross-rail  can 
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be  so  adjusted  that  the  tool  and  feeling  piece,  or  indicator,  will 
give  the  same  reading  over  both  cylinders  b  and  b'.  The  verti- 
cal screws  carrying  the  cross-rail  should  always  be  so  adjusted - 
as  to  raise  the  cross-rail,  as  this  will  take  up  any  lost  motion  or 
backlash  between  the  nuts,  the  elevating  screws,  and  the 
uprights.  Hence,  it  is  always  better  to  raise  the  low  end  of  the 
cross-rail  rather  than  to  lower  the  high  end.  The  feed-mecha- 
nism and  the  mechanism  for  raising  the  cross-rail  by  power, 
together  with  the  oiling  device,  are  all  put  in  place  and  tested, 
after  which  the  various  planer  motions  are  tested  to  see  that 
they  are  within  the  allowable  limits  of  error. 

After  the  cross-rail  has  been  adjusted,  a  light  cut  should  be  . 
taken  over  the  top  of  the  table.    The  head  g.  Fig.  16,  should 
then  be  set  vertically  by  means  of  a  square.     On  very  large 
planers  the  table  is  not  trued  in  place  by  the  manufacturer,  this 
•  being  done  after  the  planer  is  set  up  in  the  purchaser's  plant. 

64.  Preparation  for  Shipment.— Small  and  medium- 
sized  planers  are  generally  shipped  with  the  principal  parts  in 
place  and  all  bright  parts  coated  with  slush  oil,  or  some  other 
protective  coating,  to  prevent  rusting.  The  lighter  and  small 
parts  are  crated  to  prevent  breakage  and  the  whole  mounted 
on  skids  for  convenience  in  handling.  Larger  planers  are  taken 
apart,  the  smaller  pieces  being  boxed  and  the  fitted  faces  of  the 
larger  ones  crated.  Finished  surfaces  should  be  slushed  or 
given  a  protective  coating  before  shipping.  The  smaller  planers 
have  their  tables  carefully  trued  in  place  before  leaving  the 
manufacturers,  but  the  lai^er  ones  are  usually  shipped  with  the 
table  just  as  it  comes  from  the  planer  on  which  it  was  finished. 

65.  Erection  In  Place. — The  top  of  the  foundation  for  a 
large  planer  should  be  smooth  and  as  near  level  as  it  can  be 
made.  The  bed  is  placed  in  its  correct  position  on  the  founda- 
tion and  leveled  by  the  use  of  leveling  blocks  or  by  shims  placed 
between  the  bed  and  the  foundation.  A  high-grade  level  should 
be  used  and  the  adjustment  continued  until  the  bed  is  level 
lengthwise  and  crosswise  after  the  housings,  arch,  and  cross-rail 
have  been  bolted  and  keyed  in  place.  The  cross-rail  elevating 
mechanism  is  then  placed  in  position. 
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The  cross-rail  is  then  adjusted  until  it  tests  perfectly  level  with  ' 
respect  to  the  Vs.  The  feed-mechanism  may  meanwhile  be 
put  in  place.  When  the  driving  and  feed  motions  are  working 
satisfactorily,  the  V's  of  both  the  table  and  bed  are  cleaned 
and  oiled  and  the  table  is  placed  in  position.  The  table  is  then 
tested  and  if  it  has  not  been  already  done,  the  top  and  working 
sides  of  the  T  slots  are  carefully  trued.  The  head  or  heads  on 
the  rail  are  then  set  to  plane  square  with  the  table.  Each  head 
is  set  as  nearly  vertical  as  possible  by  placing  the  beam  of  a 
square  on  the  table  and  adjusting  the  side  of  the  down-feed  slide 
to  its  blade.  Cuts  are  then  taken  down  the  sides  of  the  table  by 
■  side  tools.  The  vertical  setting  of  each  head  is  adjusted,  after 
each  cut  until  the  blade  of  a  large  try  square  will  hold  a  slip  of 
tissue  paper  at  each  end  of  the  blade  on  the  top  of  the  table 
while  the  inside  of  the  beam  is  held  against  the  side  face  of  the 
table.  The  setting  mark  h,  Fig.  16,  is  then  drawn  on  the  saddle 
so  that  it  coincides  exactly  with  the  zero  mark  of  the  graduations 
on  the  head.  If  the  setting  mark  has  already  been  placed  on 
the  saddle  it  is  best  to  go  through  with  the  test  to  prove  its 
correctness. 

66.  If  the  planer  is  provided  with  ade  heads  on  the  uprights, 
they  may  be  set  from  the  table  and  tested  by  clamping  a  casting 
as  indicated  by  the  dotted  lines  at ;',  Fig.  16,  to  the  surface  of  the 
table  and  planing  the  vertical  surface  true  with  the  side  head. 
The  top  is  roughed  off  with  a  tool  in  the  cross-rail  head,  and 
finishing  cuts  are  taken  over  the  top  with  the  horizontal  feed  of 
the  side  head  which  is  adjusted  until  the  two  planed  surfaces  are 
exactly  square.    The  setting  mark  is  then  scribed  on  the  saddle. 

67.  Securing  in  Position. — The  wdght  of  a  large  planer 
is  sufficient  to  hold  it  in  position  on  the  foundation  while  resting 
on  the  adjusting  blocks.  Medium-  and  small-sized  planers  are 
usually  set  directly  on  the  foundation  and  leveled  by  putting 
shims,  or  thin  pieces  of  metal,  wood,  or  paper,  under  the  sup- 
ports. When  medium -sized  planers  are  located,  holes  are 
sometimes  made  in  the  supporting  surface  so  that  round  pins 
half  an  inch  or  more  in  diameter  can  be  inserted  close  to  the  bed 
or  legs  to  prevent  any  possible  movement. 
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Small  planers  provided  with  legs  or  bases  have  holes  drilled 
through  the  flanges  of  the  legs  or  bases  through  which  lag  screws 
or  expansion  bolts  pass  and  prevent  end  or  side  motion.  They 
should  not  be  drawn  down  tight  or  they  may  spring  the  machine. 
Many  long  planers  are  set  permanently  on  adjusting  blocks  so 
that  they  may  be  tested  and  leveled  as  often  as  may  be  necessary 
to  keep  them  level  and  in  line. 

The  table  of  a  planer  should  be  tested  lengthwise  with  a 
straightedge.  If  it  is  not  straight,  it  will  plane  the  work  con- 
cave or  crowning. 

68.  Small-  and  medium-sized  planers  are  shipped  with  all 
their  parts  in  place,  but  need  as  careful,  though  not  as  much, 
attention  in  erection  as  do  the  larger  sizes,  which  must  be 
assembled  on  their  foundations.  It  is  usually  sufficient  to 
drive  wedges  under  the  legs  until  the  table  is  level.  The  cross- 
rail  is  then  tested  to  see  that  it  is  parallel  to  the  top  of  the  table. 
If  it  is  not  parallel,  the  table  should  be  run  back,  and  the  cross- 
rail  set  parallel  to  the  V's,  as  described  in  Art.  62.  After  this,  a 
light  cut  should  be  taken  over  the  table  and  the  heads  set  to 
plane  vertically. 

In  the  case  of  very  small  planers,  the  beds  are  usually  so  stiff 
that  very  little,  if  any,  adjusting  is  necessary  when  setting  them 
up,  all  the  adjustment  being  made  by  the  manufacturer;  but 
even  in  this  case  it  is  well  to  go  through  the  entire  series  of  tests, 
if  accurate  work  is  to  be  required  from  the  machine. 

69.  Setting  Heads. — ^The  amount  of  acciu^cy  required 
in  setting  the  heads,  either  on  a  large  or  small  planer,  depends 
very  largely  on  the  character  of  the  work  to  be  done  on  the 
machine.  If  all  the  work  will  be  simply  roughing  and  surfa9ing, 
the  zero  mark  h,  Fig,  16,  may  be  placed  accurately  enough  by 
adjusting  the  head  to  any  good  try  square  and  scribing  the  mark 
on  the  saddle;  while  if  a  large  amoimt  of  angular  work  is  to  be 
done  on  the  planer,  all  of  the  tests  must  be  applied  to  see  that 
the  mark  is  accurately  located. 
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70.  Equipment  Necessary. — The  manner  of  erecting 
an  engine  depends  both  on  the  equipment  at  hand  and  the 
style  of  the  engine.  Where  medium-sized  or  heavy  engines 
arc  to  be  erected,  traveling  cranes  should  be  provided  for 
handling  the  heavy  parts,  as  they  can  accomplish  the  work 
much  more  quickly  and  easily  than  any  other  handling  device, 
and  also  can  command  the  entire  erecting  floor.  The  crane 
^ould  have  sufficient  height  of  lift  to  place  in  position  the 
highest  parts  of  any  machine'built  in  the  shop.  Where  very 
high  work  is  to  be  erected,  the  base  is  sometimes-set  in  a  pit  so 
that  the  highest  parts  will  not  come  above  the  crane.  This 
is  especially  the  case  in  erecting  vertical  engines.  Some  shops 
making  a  specialty  of  vertical  engines  have  two  sets  of  traveling 
cranes,  one  above  the  other,  the  lower  intended  for  handling  the 
heavier  pieces  and  the  upper  for  handling  the  upper  portion  of 
the  engine  and  the  light  pieces.  If  an  engine  should  be  so  high 
as  to  interfere  with  the  travel  of  the  lower  cranes,  a  crane  may  be 
set  on  each  side  of  the  engine  before  the  cylinders  are  put  up,  so 
as  not  to  cut  off  the  rest  of  the  erecting  floor  from  the  crane  ser- 
vice while  the  high  engine  is  in  the  shop.  One  advantage  of 
having  light,  quick-motion  traveling  cranes  placed  well  above 
the  heavier  cranes  is  that  the  upper  cranes  can  lift  light  pieces 
above  the  lower  cranes  and  carry  them  to  any  place  on  the 
erecting  floor  without  interfering  with  the  heavy  work  of  the 
larger  cranes. 

71.  Ail  floors  on  which  erecting  is  done  should  be  firm 
and  solid,  to  avoid  any  danger  of  the  work  being  thrown  out  of 
line  by  settling  when  heavy  parts  are  added.  Before  beginning 
work,  the  erecting  floor  should  be  cleared  of  all  unnecessary 
obstructions  and  swept.  The  influence  of  the  style  of  engine  on 
the  manner  of  erection  will  be  brought  out  in  the  description  trf 
the  horizontal  and  vertical  types  of  engines.  For  the  erection 
of  small  engines  an  iron-i>late  erecting  floor  on  which  the  engine 
can  Ijc  bolted  down  and  tested  is  a  great  convenience. 
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72.  Preparatton  of  Be<l.— The  method  of  erecting  a 
horizontal  engine  is  not  influenced  greatly  by  the  type  of  engine; 
that  is,  the  work  of  erecting  both  Corliss  and  slide-valve  engines 
is  very  similar.  Before  the  engine  bed  is  brought  to  the  erecting  . 
floor  it  should  be  machined  as  far  as  possible,  including  the  bor- 
ing of  the  main  bearing,,  if  this  is  cast  with  the  bed,  and  the 
scraping  of  the  guides.  The  guides  are  usually  scraped  to  a 
special  surface  plate,  or  to  the  crosshead  itself,  before  the  wort 
is  brought  to  the  erecting  floor,  after  which  levels  are  placed 
on  the  guides  and  pillow-block  bearings,  and  the  bed  is  adjusted 
imtil  it  is  level  by  means  of  wedges  and  leveling  jacks. 

73.  ntting  Cylinder  to  Bed. — The  cylinder  is  bolted  to 
the  bed  or  frame  and  a  hne  or  wire  fastened  to  a  piece  of  wood 
bolted  to  one  of  the  studs  in  the  end  of  the  cylinder,  as  shown 
at  a.  Fig.  17.  This  line  is  carried  through  the  cylinder,  piston- 
rod  stuffingbox,  and  guides,  and  fastened  to  the  end  of  the  frame 
in  case  the  pillow-block  is  cast  solid  with  the  frame;  or  in  the  case 
of  an  engine  in  which  the  pillow-block  is  bolted  to  the  frame, 
the  line  may  be  fastened  to  any  suitable  object,  as,  for  instance, 
the  angle  plate  and  stick  shown  at  b.  The  line  should  be  set 
central  with  the  bore  of  the  cylinder  at  the  back  end  by  caliper- 
ing  from  the  inside  of  the  cylinder  to  the  line.  An  inside 
adjustable  gauge  or  micrometer  may  be  employed ;  but  in  most 
cases  it  is  better  to  use  a  light  pine  stick  like  that  illustrated  in 
Fig.  18.  The  stick  a  is  tapered  at  both  ends  and  may  have  a 
pin  b  driven  in  at  each  end.'  The  advantages  of  the  stick  in 
calipering  are  that  it  is  lighter  than  the  inside  micrometer  and 
is  less  affected  by  expansion  and  contraction  than  a  metal  gauge 
would  be. 

74.  The  line  must  also  be  brought  central  with  the  stufling- 
box  at  the  other  end  of  the  cylinder,  by  means  of  a  stick  similar 
to  that  shown  in  Fig.  18,  but  more  quickly  by  use  of  the  device 
illustrated  in  Fig.  19.  This  contrivance  consists  of  a  hard- 
wood block  a,  which  is  turned  to  just  fit  the  stuflingbox  and  has 
a  J-inch  hole  b  drilled  in  the  center.     The  face  of  thf  Ijlock  is 
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turned  square  with  the  outside, 
and  two  center  lines  cd  and  e/ 
are  drawn  across  the  face  at 
right  angles  to  each  other.  By 
sighting  along  the  lines  c  d  and 
\  e  /,  it  is  easy  to  determine  when 
the  hne  or  wire  c  d,  Fig.  17,  is 
central  with  the  stuffingbox. 
The  angle  plate  6  is  adjusted 
until  the  line  cd  is  central  with 
the  sttifRngbox. 

75.  Lining  Guldee  to  Cyl- 
inder.— The  guides  may  now  be 
lined  to  the  cylinder  by  measur- 
ing from  the  inside  of  the  guides 
to  the  line  at  the  top  and  bottom, 
as  at  /,  Fig.  17,  which  will  deter- 
^  mine  whether  the  line  is  central 
B.  to  the  guides  in  a  vertical  plane. 
This  test  should  be  made  at  each 
end  of  the  guides.  In  order  to 
see  whether  or  not  the  line  is 
central  horizontally,  spots  g  are 
cast  on  the  frame  and  faced  off 
by  the  boring  tool  at  the  same 
time  that  the  guides  are  bored. 

^Another  and  quicker  method 
of  lining  the  guides  with  the  cyl- 
inder is  to  use  a  center  block,  as 
shown  in  Fig.  20.  This  block 
ccmsists  of  a  casting  a  that  is 
turned  to  fit  the  inside  of  the 
guides.  At  the  center  there  is  a 
small  hole  b  through  which  the 
line  passes,  and  the  lines  c  d  and 
ej  drawn  at  ri^t  angles  to  each 
other  serve  to  locate  the  center 
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line  in  its  proper  position,  this  being  done  in  a  manner  similar 
to  that  described  in  Art.  74.  When  the  center  block  shown  in 
F^.  20  is  used,  the  spotting  plates  g,  Fig.  17,  are  not  necessary. 

76.  Bringing  Cylinder  In  Line  With  Guides. — If  the 
cylinder  is  not  in  line  with  the  guides,  the  joint  between  the 

cylinder  and       ^ 6 

guides  must  be  ^^^aJm^^i^^mmmS^^^^^m^mti^i^m^^^ 
so  fitted  as  to  '"'^  '* 

bring  them  in  line.  The  amount  of  adjustment  necessary  may 
be  determined  by  slacking  off  the  nuts  on  one  side  and  intro- 
ducing pieces  of  sheet  metal  until  the  cylinder  and  guides  are 
brought  into  exact  alinement.  After  this,  an  amount  equal  to 
the  thickness  of  the  metal  introduced  may  be  removed  from  the 
other  side  of  the  end  of  the  cylinder  or  guides.  When  very 
small,  this  amount  is  sometimes  removed  by  filing  or  scraping; 
when  greater,  by  machining. 

77.  To  machine  parts  so  accurately  that  the  cylinder  of  a. 
large  engine  can  be  brought  in  line  with  the  guides  without 
fitting,  has  been  found  practically  impossible  and  for  this  reason 
many  builders  place  a  loose  ring  or  spacing  piece  between  the 
cylinder  and  the  guides,  and  in  the  case  of  a  tandem  compound 
engine,  between  the  high-pressure  and  low-pressure  cylinders. 
After  the  amount  of  adjustment  necessary  has  been  determined, 

...     this  distance  piece  is  taken  out  and  the 

e-^        1^      proper  amount  removed  from  the  high 
\       "      side.     When  this  method  is  followed,  care 
^ Jrf   =  b  must  be  taken  to  mark  the  distance  piece 
y  so  that  it  cannot  be  placed  in  a  wrong 

.»-/       LJ     position.     To  insure  this,  at  least  one  of 
the  stud  or  bolt  holes  imiting  the  parts 
should  not  be  located  according  to  the 
regular  spacing  system,  so  that  the  castings  cannot  be  put 
together  in  any  but  the  correct  position.     This  may  also  be 
accomplished  by  using  guides  or  dowel-pins. 

78.  Fitting  Crank-Shaft. — After  the  cylinder  and  guides 
have  been  brought  into  perfect  alinement,  the  crank-shaft  is 
fitted.     The  outboard  bearing  may  be  very  closely  located  by 
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Stretching  a  line  through  the  shaft  bearings  at  right  angles  to 
the  lines  through  the  cylinder  and  guides.  The  journals  of  the 
shaft  should  then  be  wiped  clean  and  given  a  coat  of  marking 
material.  The  shaft  should  then  be  placed  in  its  bearings  with 
the  lower  half  of  the  boxes  in  position  and  turned  a  few  revolu- 
tions. The  shaft  is  then  lifted  out  of  the  bearings  and  the  high 
spots  scraped  off  with  a  half-round  scraper.  This  operation 
is  repeated  until  the  shaft  shows  a  good  bearing  in  both  the 
main  pillow-block  and  the  outboard  bearing.  After  the  lower 
half  of  each  box  is  scraped,  the  upper  halves  may  be  put 
in  place  and  fitted  in  like  manner.  The  shaft  is  then  taken 
from  the   bearings  and    the    cranks   pressed   or  shrunk  on 


and  keyed.  The  eccentrics  and  governor-driving  device 
are  also  placed  in  position,  after  which  the  shaft  is  returned 
to  its  place. 

79.  To  make  sure  that  "the  crank-shaft  is  exactly  at  right 
angles  to  the  center  line  of  the  engine,  and  also  horizontal, 
the  following  course  may  be  pursued:  The  crankpin  a,  Fig.  21, 
is  brought  up  to  the  center  line  c  d  oi  the  engine  and  a  piece  of 
wood  6  is  fitted  between  the  face  of  the  crank  e  and  the  head  of 
the  crankpin  /.  A  mark  is  made  on  this  piece  of  wood  in  the 
middle,  and  this  mark  should  coincide  with  the  center  line  c  d. 
If  they  do  not  coincide,  the  outer  end  of  the  crank  must  be  moved 
until  they  do.     The  shaft  is  now  turned  a  half  revolution  to 
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bring  the  crankpin  under  the  tine  at  the  other  end  of  its  travel, 
as  shown  by  the  dotted  lines  at  a'.  If  the  line  on  the  stick  h 
again  coincides  with  the  center  hne  c  d,  the  shaft  is  at  right 
angles  to  the  center  line  of  the  engine.  To  test  the  shaft  to 
see  whether  it  is  level  or  not,  a  fine  plumb-line  may  be  hung 
vertically  before  the  shaft  and  the  crankpin  a  brought  in 
contact  with  it  at  the  upper  portion  of  its  revolution,  and 
then  tested  again  at  the  bottom  of  the  revolution.  If  the 
crankpin  just  touches  the  line  at  both  the  top  and  the  bottom, 
the  shaft  is  horizontal. 

80.  Fitting  Reciprocating  Parts. — After  the  engine  is 
lined  up  and  the  shaft  is  square  and  level,  the  reciprocating  parts 
may  be  put  in  place.    The  piston,  with  its  piston  rod  attadied. 


-IDT 


is  slipped  into  the  cylinder  and  the  crosshead  into  the  end  of  the 
guides.  The  piston  rod  passes  through  the  bushing  in  the  head 
of  the  cylinder  and  is  secured  to  the  crosshead.  These  parts 
should  be  tested  as  they  are  put  in  place,  to  see  that  they  Une 
up  properly.  Some  makers  use  a  crosshead  of  sudi  a  pattern 
that  the  line  c  d.  Pig.  17,  may  be  carried  through  it  and  used  in 
testing  the  crosshead  to  see  that  it  lines  up  properly.  After 
thb  crosshead  and  piston  rod  are  in  place,  the  connecting-rod 
may  be  put  on.  Before  any  of  the  surfaces  that  are  to  slide  or 
move  on  one  another  are  placed  in  contact,  they  should  be  well 
oiled.  The  oilii^  devices  are  put  in  place  as  fast  as  the  parts 
are  ready  for  them, 

81.    As  the  control  of  the  movements  of  the  engine  depends 
on  the  governor,  consequently,  great  care  should  be  taken  to 
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see  that  there  is  no  danger  whatever  of  its  stidcing  or  failing 
to  act.  To  insure  its  perfect  operation,  the  governor  should 
be  assembled  separately  and  belted  up  so  as  to  -run  at  about 
its  normal  speed.  The  gears  should  be  fitted  so  as  to  run  as 
quietly  and  as  smoothly  as  possible,  and  the  dashpots,  weights, 
and  all  parts  properly  adjusted  durit^  this  preliminary  nm. 
It  is  usually  best  to  run  the  governor  one  or  two  days  in  this 
way.  After  the  govemOT  has  been  fully  adjusted,  it  may  be 
taken  down  and  placed  on  the  engine.  If  the  engine  is  a  Corliss 
engine,  the  dashpots  are  responsible  tar  the  dosii^  of  the  valves, 
and  hence  they  should  be  assembled  and  tested  b^ore  being 
placed  on  the  engine.  Shops  building  this  class  of  engines 
usually  have  some  device  in  which  they  can  place  a  dashpot 
and  run  it  for  some  time  while  adjusting  it.  After  the  dashpots 
are  fully  adjusted  they  are  placed  on  the  engine. 

'  82.  Devices  for  Oiling  and  Other  Small  Parts. — The 
oiling  devices  for  the  crankpin,  eccentrics,  crosshead,  gov- 
ernor, and  all  other  parts  are  put  in  place  as  fast  as  the  parts 
are  ready  to  receive  them,  and  they  should  all  be  tested  belore 
steam  is  let  into  the  en^ne. 

83.  nttlng  Flywheel. — For. small  engines  Sjr^eels  are 
made  either  solid  or  in  halves.  If  made  solid,  the  flywheel  must 
be  placed  on  the  crank-shaft  before  this  is  lowered  into  the  bear- 
ings. In  some  cases  there  is  not  room  in  the  shop  to  put  the 
flywheel  in  position,  and  the  ei^ine  is  assembled  without  the 
flywheel  being  placed  on  the  shaft.  Where  it  is  possible,  it  is 
best  to  erect  the  flywheel  with  the  engine.  In  erecting  a  large 
built-up  flywheel,  the  hubs  and  hub  flanges  are  placed  on  the 
shaft  first.  The  arms  and  segments  of  the  rim  are  then  attached 
one  at  a  time.  By  beginning  the  work  on  one  side,  the  arms  and 
sections  of  the  rim  may  be  attached  to  the  hub  flanges  near 
the  floor  level,  thus  doing  away  with  the  neces^ty  of  raising 
them  to  any  great  heiglit.  After  one  arm  and  section  of  the 
rim  are  put  in  place,  they  may  be  lowered  into  the  pit  and  the 
next  one  in  order  connected.  This  process  may  be  continued 
until  the  wheel  is  completed.  When  the  woric  is  done  under  a 
traveling  crane,  it  is  usually  more  convenient  to  place  eadi  of  the 
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arms  and  segments  at  the  top  of  the  wheel  and  then  lower  them 
far  enough  to  make  room  for  the  next. 

84.  Use  of  I>owel-PUjs. — Whenever  it  is  necessary  to 
make  the  bed  of  an  engine  in  sections,  or  when  any  parts  require 
accurate  alinement,  they  should  be  doweled  together  by  drilling 
holes  through  the  pieces  and  reaming  them  out  with  a  taper 
reamer  after  the  work  is  erected.  After  the  holes  are  drilled 
and  reamed,  taper  pins  are  fitted  to  them.  These  pins  are 
usually  given  a  taper  of  from  i  to  f  inch  per  foot.  As  each  part 
is  put  in  place,  it  should  be  clearly  and  distinctly  marked  by 
letters,  figures,  and  lines,  so  that  it  may  be  easily  returned 
to  its  position  when  erecting  in  the  field.  It  the  work  is  com- 
pUcated,  a  record  should  be  kept  of  the  marks  used  so  as  to 
avoid  confusion  in  the  final  erecting. 

85.  lagging  St«atn  Cylinders. — Lagging  is  the  wooden, 
sheet-steel,  or  cast-iron  covering  put  on  steam-engine  cylinders. 
It  gives  the  cylinder  a  finished  appearance  and  protects  the 
inner  covering,  onnposed  largely  of  asbestos,  which  is  put  on 
the  cylinder  to  prevent  the  loss  of  heat.  This  non-conducting  , 
covering  may  be  either  applied  in  the  shop  previous  to  ship- 
ment, or  in  the  field.  The  supports  for  the  lagging  are  first 
secured  to  the  cylinder,  after  which  the  asbestos  mortar  is  pre- 
pared and  applied  to  the  cylinder.  The  mortar  is  spread  evenly 
over  the  cylinder  in  such  thickness  as  will  not  interfere  with 
the  lagging  when  attached.  The  cylinders  are  generally  heated 
with  steam  when  putting  on  the  mortar,  in  order  to  dry  it. 

When  cast-iron  lagging  is  used,  it  is  cast  in  sections  and  fitted 
to  the  cylinder.  When  sheet-steel  lagging  is  employed,  it  is, 
when  possible,  cut  to  the  r^ht  dimen^ns  and  rolled  into  a 
cylindrical  form,  or  it  is  sheared  to  the  proper  size,  if  the  cylinder 
is  to  be  l^ged  square.  The  lagging  sheets  are  finished  by  hand 
work.  The  screw  holes  in  the  sheets  are  generally  drilled  in  a 
drilling  machine.  The  sheet  is  clamped  in  place  while  the  holes 
are  marked  off,  after  which  the  lagging  supports  are  drilled  and 
tapped.  When  the  cylinder  attachments  have  all  been  put  in 
place  and  the  cylinder  tested,  the  lagging  is  put  on. 
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86.  Painting  and  Finishing  Engine. — All  rough  places 
on  the  bed  are  smoothed  off  by  chipping  and  filing  before 
painting:  in  some  cases  the  bed  is  given  a  coating  of  filling 
material  that  fills  all  depressions.  After  the  bed  has  been  filled 
and  rubbed  down  with  sandstone  or  sandpaper,  it  is  painted. 
The  specifications  sometimes  call  for  the  testing  and  acceptance 
of  the  engine  before  painting. 

87.  Dismantling. — ^When  the  work  is  passed  or  pro- 
nounced correct  by  the  superintendent  or  inspector,  the  man 
in  charge  of  the  erection  of  the  engine  oversees  the  taking  down 
and  prepares  the  parts  for  shipment.  The  lagging  is  usually 
removed  and  boxed.  All  small  parts  are  also  boxed.  These 
boxes  should  be  numbered  and  a  careful  record  kept  of  their 
contents.  The  cylinder,  in  the  case  of  large  engines,  is  mounted 
on  skids.  All  finished  parts  of  the  work  are  given  a  coating  of 
some  protective  material,  such  as  slushing  oil  or  white  lead  and 
tallow  that  will  prevent  rusting.  The  bearings  and  fitted  sur- 
faces are  boxed  or  covered  with  boards  to  protect  them  from 
injury.  Crankpjns  and  main  shafts  are  sometimes  wrapped 
with  burlap  or  rope,  and  if  large  and  finely  finished,  they  may 
be  lagged  with  wooden  strips.  In  the  case  of  comparatively 
small  engines,  the  entire  engine  is  sometimes  placed  on  skids. 
If  the  machinery  is  to  be  shipped  by  rail  the  heavy  parts  of  the 
load  should  come  over  the  trucks,  the  lighter  parts,  boxes,  etc. 
being  located  near  the  center  of  the  car.  All  parts  should  be 
securely  fastened,  so  that  they  cannot  shift  dtiring  shipment, 

88.  Foundation-Bolt  Templet. — ^While  the  engine  is 
being  erected  in  the  shop,  a  templet  for  locating  the  anchor 
bolts  in  the  foimdation  is  made.  This  templet  should  include 
the  correct  location  of  all  bolts  for  securing  the  engine  bed, 
cylinders,  and  outboard  bearing  to  the  foundation,  and  in 
the  case  of  a  large  and  compHcated  machine  like  a  hoisting 
engine,  should  also  include  the  bolts  for  the  steam  brake,  steam 
reverse,  drum-shaft  bearings,  etc.  The  templet  is  usually  laid 
out  from  the  drawing,  after  which  all  the  dimensions  should  be 
checked  by  actual  measurements  of  castings,  to  see  that  there 
is  no  discrepancy  between  the  drawing  and  the  casting.    After 
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the  holes  have  been  property  laid  out,  they  are  bored  the  same 
size  as  the  anchor  bolts.  This  templet  is  usually  made  of  1-inch 
white-pine  lumber  and  must  be  thoroughly  braced.  The  parts 
should  be  put  together  in  a  substantial  manner  with  screws 
or  bolts,  or  both,  and  also  marked  so  that  after  being  taken 
apart  for  packing  and  shipment  the  templet  can  be  easily 
and  accurately  assembled  at  the  foundation  pit.  Fig.  22 
shows  a  plan  of  such  a  templet. 

89.  Foundations. — The  foundations  may  be  ccnnposed 
of  masonry,  brick,  or  concrete.  Stone  and  brick  should  be 
laid  in  good  cement  mortar.  The  bolts  may  be  built  into 
the  foundation  or  pockets  may  be  left  at  the  bott<nn  for  the 
washers  and  nuts,  and  holes  left  for  introducing  the  bolts 


later.  In  some  c^es,  these  holes  may  be  made  by  building 
wooden  boxes  or  iron  pipe  into  the  foundation.  In  still  other 
cases,  the  foundations  are  bujlt  with  pockets  near  the  bottom, 
and  then  the  masonry  or  concrete  built  up  solid,  after  which 
the  bolt  holes  are  drilled  with  a  diamond  drill.  When  the 
foundation  is  made  of  concrete  it  is  usually  better  to  build 
the  bolts  into  it.  In  small  work  burlap  may  be  wrapped 
aroimd  each  bolt,  forming  a  bunch,  and  these  bunches  are  then 
raised  along  the  bolts  as  the  brickwork  or  masonry  progresses, 
thus  leaving  clearance  spaces  around  the  bolts. 

90.  The  anchor  bolts  may  be  held  down  in  a  variety  of  ways. 
Sometimes  a  large  washer  is  placed  on  the  lower  end  of  each 
bolt.    In  other  cases  a  stirrup  is  formed  at  the  lower  ends  of 
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the  bolts  and  pieces  of  ndlroad  iron  passed  tbitntg^  these,  as 
shown  at  a,  Fig.  23.  The  pieces  of  iron  may  be  long  enough  to 
extend  throi^h  the  stirrups  of  two  or  more  bcdts  at  oik«.  The 
foundation-bolt  templet  b  is  supported  on  suitable  bloddng 
in  a  level  position  and  rigidly  braced  to  support  the  bolts. 
Sometimes  it  is  necessary  and  best  to  suspend  the  templet  by 
braces  from  overhead  supports.  The  rails  a  should  be  wedged 
against  the  bottom  of  the  stirrups  c  by  driving  wedges  on  top, 
as  shown  at  d.  To  allow  some  adjustment  of  the  bolts,  a  piece 
of  pipe  may  be  placed  about  them,  as  shown  at  e. 

91.  Appliances  for  Erecting  Ebgrlne  on  FbundAtlon. 
The  engine  is  <sonietimes  erected  on  the  foundation  by  the  man 
who  did  the  erecting  in  the  shop,  where  the  erector  has  the 
advantage  of  all  the  shop  tools  and  appliances,  including  cranes, 
special  tools,  etc.    When  the  engine  is  shipped  from  the  worics, 


the  man  who  is  to  go  with  it  selects  such  tools  as  he  requires. 
The  tools  needed  vary  greatly  with  the  work  and  with  the 
locality  in  which  the  engine  is  to  be  erected.  Most  modem 
power  houses  have  traveling  cranes  in  the  engine  rooms  that 
can  be  used  in  erecting  the  engine  or  for  any  future  repair  work. 
In  this  case  very  few  tools  win  be  required.  If  the  engine 
is  to  go  into  a  region  a  long  distance  fnwn  any  shop,  as,  for 
instance,  a  mining  camp,  the  erector  must  take  practically 
everything  with  him  that  he  win  require.  Usually  one  or 
two  hydraulic  or  ratchet  jacks,  a  few  screw  jacks,  and  sane 
pinch  bars  will  be  all  of  the  lai^er  tools  necessary;  a  hbeial 
stock  of  heavy  ropes, "wrenches,  hammers,  chisds,  and  other 
tools  that  may  be  needed  should  also  be  taken.  If  heavy  parts 
must  be  hoisted  some  distance,  it  may  be  necessary  to  take  a 
chain  bloc^  or  other  hoisting  devices.     Sometimes  it  is  conve- 
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nient  to  take  a  stodc  of  rollers  and  blockiag,  bat  usually  these 
can  be  obtained  in  the  held. 

92.  Setting  Engine  on  Foundatltm. — The  engine  bed 
and  cylinder  are  placed  on  the  foundation  and  bolt«d  together. 
All  the  dowel-pins  are  fitted  and  the  engine  is  lined  up  by 
stretching  a  line  through  the  cylinder  aiid  beyond  the  crank, 
just  as  was  done  in  the  shop.  The  engine  can  be  siq^x}rted  on 
iron  wedges  during  this  operation.  The  outboard  bearing  can 
be  put  in  place  and  squared  by  mean^  of  the  crank,  as  described 
in  Art.  78.  After  the  bedplate  is  properly  located  over  the 
anchor  bolts,  the  clearance  spaces  left  around  the  bolts  in  the 
masonry  should  be  filled  with  cement.  This  cement  is  mixed, 
the  same  as  that  used  under  the  engine  bed,  as  noted  below. 
Eno\^h  water  is  added  to  the  cement  mixture  so  that  it  will 
flow  readily  into  the  holes.  In  large  work  with  removable 
bolts,  the  cementing  is  not  required.  After  the  engine  has 
been  bolted  together  and  lined  up,  the  space  between  the  bottom 
of  the  bedplate  and  the  foundation  may  be  filled  with  some  suit- 
able grouting.  Usually  Portland  cement  mixed  in  a  proportion 
of  1  part  of  cement  to  2  parts  of  sand  is  used;  but  if  no  cement 
is  available  melted  sulphur,  or  a  mixture  of  iron  chips  and  sal 
ammoniac  rammed  in  with  a  calking  chisel,  may  be  empkiyed. 
When  the  grouting  has  hardened,  the  fiywheel  or  pulley  may  be 
put  in  place  and  the  caps  over  the  bearings  adjusted.  All  parts 
subjected  to  friction  should  be  thoroughly  oiled  before  being  put 
into  place,  as  an  unoiled  soifaoe  sometimes  cuts  durii^  the  first 
few  revolutions  before  the  oil  reaches  it  through  the  oil  hole. 
The  piston,  cross-head,  connecting-rod,  cyUnder  head,  governor, 
valve  gear,  oiling  devices,  lagging,  and  piping  are  assembled  in 
the  order  named. 

93.  The  engine  may  now  be  turned  a  full  revolution  by 
hand  to  make  sure  that  all  is  clear.  Next,  care  should  be  taken 
to  aee  that  everything  is  in  adjustment;  then  the  steam  may 
be  turned  on  and  the  engine  started  very  slowly.  After  the 
engine  is  started  with  steam,  a  thorough  inspection  of  all 
working  parts  should  be  made  and  all  the  oiUng  devices  properly 
adjusted.    Any  parts  that  have  been  left  too  loose  may  now 
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be  tightened  to  proper  running  fits,  and  any  part  that  shows  a 
tendency  to  heat  should  be  examined  and  adjusted.  After 
the  engine  has  been  running  at  full  speed  fbr  some  time,  it  may 
be  belted  up  and  kept  at  work  while  it  is  tested. 


VEBTICAl.    OTATIONABT   BNOINES 

94.  The  method  followed  in  erecting  a  vertical  ei^ine  does 
not  differ  materially  from  that  used  in  the  horizontal  engine ; 
but  as  the  parts  are  differently  arranged,  and  in  most  cases  some 
additional  parts  are  required,  a  description  showing  the  principal 
points  of  difference  will  be  given.  As  a  rule,  it  is  more  difficult 
to  erect  a  vertical  engine  without  the  aid  of.  cranes  or  hoists 
than  a  horizontal  engine.  Very  large  horizontal  en^es  are 
frequently  erected  in  the  field  without  any  hoisting  tackle 
whatever,  all  the  parts  being  moved  on  rollers  and  lined  up  by 
means  of  jack-screira.  In  the  case  of  a  vertical  engine,  it  is 
usually  necessary  to  rig  a  derrick,  shear  legs,  or  some  hoist 
when  in  the  field. 

95.  Work  Necessary  on  Bed.— The  bed  a.  Fig.  24.  is 
leveled  by  means  of  wedges  or  erecting  jacks,  as  in  the  case  of  a 
horizontal  engine.  The  bearings  for  the  crank'shaft  may  be 
scraped  either  before  or  after  the  guides  are  in  place.  Some- 
times, to  aid  in  scraping  these  bearings,  a  hollow  cast-iron  shaft 
is  made  of  the  same  diameter  as  the  crank-shaft.  This  is 
lighter  than  the  crank-shaft  and  serves  as  a  surface  plate  for 
scraping  the  bearings  into  line. 

96.  Ftttlng  Guides  and  Cylinders. — The  frames  and 
guides  d  and  d',  Fig.  24,  are  placed  on  the  bed  and  temporarily 
bolted  down.  A  center  line  along  the  center  of  the  shaft  is 
established  by  placing  blocks  across  the  bearings,  as  shown 
at  e.  A  piece  of  tin  is  fastened  to  the  center  of  each  of  these 
and  a  center  line  marked  on  it.  A  long  straightedge  is  th^i 
laid  across  both  blocks  and  a  center  line  established.  A  line, 
as/f  k  i,  is  stretched  through  each  cylinder.  The  line  is  secured 
at  the  bottom  to  a  plank  ;,  which  is  blocked  or  clamped  to  the 
bottom  of  the  bedplate  and  has  a  hole  in  the  center  through 
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which  the  line  passes.  At  the  upper  end,  above  the  cylinders, 
the  line  is  seciored  to  the  plank  k.  The  line  passes  over  pulleys 
at  g  and  h,  and  is  kept  taut  by  a  heavy  weight  at  i;  a  piano  wire 
capable  of  standing  a  breaking  stress  of  400  pounds  is  usually 
used  for  this  purpose,  and  the  weight  at  i  may  vary  from  100 
to  200  pounds.  This  weight  should  be  located  so  that  no  dam- 
age will  be  done  if  the  wire  should  break.  After  the  line  is 
estabhshed,  the  guides  and  cylinders  are  adjusted  to  it.  If 
desired,  the  weight  at  i  may  be  hung  under  the  cylinders  in 


Pic.  24         /"j 

place  of  the  plank  y.  To  prevent  vibration,  the  weight  should 
be  suspended  in  a  vessel  of  water.  Great  care  must  be  taken  to 
see  that  the  lines  /  g  and  /'  g'  are  the  same  distance  apart, 
both  top  and  bottom,  and  are  in  the  same  vertical  plane. 

If  the  cyhnder  does  not  come  in  line  with  the  gtiides,  packing 
pieces  must  be  placed  between  the  cylinder  and  the  guides,  as 
in  the  case  of  a  horizontal  engine,  after  which  a  sufficient 
amotmt  must  be  dressed  from  the  end  of  the  cylinder  or  the  inter- 
mediate piece,  to  bring  the  two  into  alinement.     In  measuring 
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from  the  line  to  the  cylinders,  or  from  the  line  to  the  guides,  a 
wooden  measuring  piece  may  be  used,  as  described  in  Art.  73. 
After  the  cylinders  and  guides  are  properly  located,  they  are 
securely  clamped  in  place,  and  the  bolt  holes  for  holding  the 
uprights  to  the  bed,  the  guides  to  the  uprights,  if  the  latter  are 
made  separate,  and  the  cylinders  to  the  guides,  are  reamed 
ready  for  the  bolts.  The  holes  for  the  dowel-pins  are  drilled 
and  reamed  and  the  pins  fitted. 

97.'  Placing  Reciprocating  Parts. — The  placing  of 
the  reciprocating  parts  of  vertical  engines  does  not  differ 
materially  from  that  of  horizontal  engines,  ajid  the  method 
of  squaring  the  crank-shaft  to  the  center  line  that  is  used  in 
the  horizontal  engine  can  also  be  employed  in  the  vertical 
engine. 

98.  Devices  for  Oiling  and  Smaller  Parts. — tn  some 
cases,  vertical  engines  are  fitted  with  separate  oiling  devices 
for  each  bearing,  while  in  other  cases  an  oil  tank  is  arranged 
at  or  near  the  cylinder  from  which  pipes  lead  to  the  various  bear- 
ings. Another  system  provides  a  reservoir  with  a  pump,  either 
attached  to  the  engine  or  as  a  separate  machine,  which  distrib- 
utes the  oil  through  a  suitable  arrangement  of  piping.  All  these 
devices  are  placed  in  position  during  erection.  Since  many 
parts  of  the  engine  are  not  accessible  from  the  floor,  some  device 
must  be  provided  by  means  of  which  the  attendant  can  reach 
any  part  of  the  engine.  For  this  purpose,  platforms  or  floors  are 
built  around  the  engine  at  different  elevations.  The  platforms 
are  usually  iron  plates  supported  on  .brackets,  and  are  reeichcd 
by  staircases  leading  from  the  floor  of  the  engine  room.  The 
brackets  and  plates  are  all  placed  in  position  as  the  various  parts 
of  the  engine  are  being  assembled.  Standards,  which  carry  a 
hand  rail,  usually  composed  of  brass  or  iron  pipe,  may  be 
attached  to  the  outer  edges  of  the  plates.  Large  vertical 
engines  are  often  provided  with  hand  or  amUar  turning  gear 
for  turning  the  engine  a  portion  of  a  revolution  in  starting  or 
when  fitting  belts.  They  are  also  supplied  with  steam,  vacuum, 
and  revolution  gauges,  and  a  clock,  which  are  attached  to  the 
engine  frame,  though  they  are  not  generally  assembled  in  place 
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until  the  engine  is  erected  on  its  foundation;  or  they  may  be 
erected  on  a  board  entirely  separate  from  the  engine.  The 
steam  indicator  is  also  attached  to  the  ei^ine. 

99.  DlsmantllMg.— After  an  engine  has  been  erected  and 
tested,  it  is  dismantled  in  a  manner  similar  to  that  used  in  taking 
down  large  horizontal  engines,  except  that  it  must  be  done  to  a 
greater  extent;  that  is.  owing  to  the  greater  height  of  the 
vertical  construction,  more  parts  must  be  detached  and 
shipped  separately, 

100.  Permanent  Erection, — The  erection  of  a  vertical 
engine  on  the  foundation  does  not  differ  materially  from  that  of 
a  horizontal  engine,  except  that  in  some  cases  no  line  is  stretched 
through  the  engine  when  it  is  erected  on  the  ■foundation,  bolts 
and  dowel-pins  being  depended  on  entirely  for  bringing  the  parts 
into.  line.  In  erecting  a  vertical  engine,  the  bedplate  must  be 
carefully  leveled  and  have  a  firm  bearing  before  the  other  heavy 
parts  are  assembled  on  it. 
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Ccsnbination  chucks,  Ilfi.  p31 

patting  and  nurling  tool.  {3C,  pS 
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Cone  mandrels.  {15.  p4e 
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Com  puDert,  BonnE.  |20.  p2S 

Cortiaensine  cylindcr-borint  macbine.  121 .  p29 

Comers.  Piling  irto,  |23.  p4e 

Corrugated  mill,  {23.  p34 

Comisatint  nwcbine.  |32.  pS4 

the  mill.  122,  pW 
Counterborc,  Double-*ad«d  eutWt.  (13.  ftO 

(or  light  votk,  113,  p31 

Small,  113,  p30 

Sundard.  {la,  pSl 
CountcrboTH.  {13.  pSO 

Inteicbanguble,  |13.  pSa 
Counterboring.  (13,  pB;  (14,  p29 

Bottoin.  (13.  t>33 
Coununbaft,  DoubliKrlutch,  ISO,  pM 

Speed-latlw,  (20.  pM 
CouDtenink,  Combined  leaner  and.  (13,  pZB 

Drill  lued  at,  (13.  p28 

Guide.  113.  p2B 

Ijiiide  and  collar,  (13.  p98 
CouDternnliing.  (13,  pS;  (11.  p29 
Coanteninki.  (13.  p38 

Center.  (13.  p30 
Cran«.  (25.  pp31.  28.  34 

ElDctric  tiavelinc,  (SB.  p33 

Hand-opeTatcd,  portable.  (2S.  p3g 

Hand-operated  traveling-  |25,  p31 

Jib.  |2S.  p2g 

Kinds  of  travding.  |2S,  p31 

Trollev,  (25,  p30 
Cnnk-arm.  Laying  out.  |Z4,  p4a 

■driven  drilU.  (34.  ppIS,  19 

-ihaTt,  Fitting  engine,  (26,  p3(l 

-ahaft.  Turning,  (IB.  p2S 

(IS,  p28 
CroicfKd,  Graduated  dial  on,  (16,  p34 

-filing.  (23.  p43 

c<  tbe  nil.  (22,  p34 

-peen  hammeis,  (23,  pi 

■rail.  Squaring  planer,  (36,  p33 

■slide  tools.  (20,  p9 
Crosahead,  Laving  out,  (34,  p4T 
Cup  center.  Locating  centers  bf.  (17.  plfl 
Curved  mik,  Scnpeii  for.  |34.  p4 
Curve*.  Piling,  (23.  p4S 
Cut,  Effect  ol  force  o(,  on  spring.  |IS.  p38 

Pinisbing,  in  cylinder  boring.  (21,  p2H 


InStiei 


o.iir,p7 


Taking  the.  with  lathe. 
Cuts.  Finishing,  on  lathe,  (17.  p23 

Roughing,  on  lathe,  (17.  p32 
Cutter.  Horitontil  floor  mill,  (21,  p2e 

Pipe.  (23,  pis 
Cutlers.  Adjaitment  ol,  on  boring  bar.  (17,  p42 

Annular.  (13.  pl4 

BoH.  (10,  pS7 


Cutters,  Bolt,  vith  lead  screws.  (IB.  pSO 

FomiB  of  spot-tadng,  (13.  p34 

Single-tool  and  double-tool  annular.  (13.  pl4 
Cutting  Acme  threads.  |ie.  plS 

angles  ol  boring  tools,  (16.  p2I 

British  standard  threads.  (19.  p20 

double  threads.  (IB.  p37 

feeds  tor  chilled  iron.  (22,  pl5 

inside  threads,  (19,  pp30,  41 

inside  threads.  Tools  for.  (IS.  i>40 

multiple  threads.  (19,  p37 

ofl!  pipe.  (20,  p61 

off  riser  had  and  necking  chilled  roll,  (33,  pl7 

-off  too!,  (IS,  pis 

-off  tool  for  chilled  iron.  (32.  plO 
.  sciew  threads.  |ie.  p33 

•cm  threads  on  lathe,  119.  p34 

speed.  Conditioni  governing.  (17.  p2 

■peed.  BSect  of  kind  of  metal  on,  (IT,  p3 

speed.  Pacton  Inniting.  (17,  p2 

speed.     Finding     revohitioiu     for    dnired, 
(I7,pl2 

we«]  f<T  Soishiiw  cuts.  (17.  pS 

speed  for  radial  facing.  118.  pl4 

■peed  for  itn^iing  cuts.  (17,  p4 

speed.  Limit  of.  (17,  p2 

QKed  of  kithe  tools.  (17,  pi 

speed.  Relation  of  tool  steel  to.  (17,  p8 

nweds  and  feeds  (or  drills.  (14.  p4e 

speeds.  Average.  (IT.  pS 

Qtteds.  Calculation  of,  (IT.  pi  1 

speeds  for  dulled  iron.  (23.  pl4 

speeds.   Relative,   erf   metals   with   carbon- 
steel  tools.  (17,  p9 

Qieeds.  Use  of  k>w,  (17.  pS 

squue  threads.  (19.  plfl 

thread,  (34,  p24 

threads  by  hand,  |19,  pSO 

threads.  Precautions  in.  (19.  p4e 

tool.  United  SUtee  standard  thread.  (19,  pll 

tools.  Forms  of,  |I6,  pl2 

tools.  Steels  used  for.  (IS.  pl3 

took,  Tlieory  of,  (IS,  pi 

triple  threads.  (19,  p3S 

V  threads.  Tool  for.  (19,  pS 
Cylinder  boring,  (21.  p28 

Boring  an  engine.  |17.  p43 

■boring  bar.  Vertical.  (31.  p3l 

-boring  machine,  Corliss  engine.  |31.  p39 

-boring  machine.  Vertical.  (21,  p31 

boring,  Mscfabes  employed  in,  (21.  p29 

Bringing  engine,  in  line  with  guides,  (3fl.  p39 

Fitting  engine,  to  bed.  (26.  p37 

Lining  guides  to  engine,  (26,  p38 
Cylinders.  Pitting  engine.  (38,  p4S 

Fiilure  for  boring  duplei  pump.  (21,  p34 

Lagging  steam,  (30.  p43 
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CylindriMl  btocki.  I3S.  p* 
Sri«Ungm>chi«,|22.pW       JW 
irm  blKknit.  las,  pa                Vv. 
turainc.  PWo.  ill.  pli      —- ^OL 

Drill,  Flat  tipped.  (IS.  plO 

G«t-dri«i  ndiaU  |H.  p7 

grinding,  |14.  p31 

iTOk,Fittn«Df,  fl7.p3l            o 

High-^«d  WDiitiTe.  |U.  pl4 

°         ] 

Dwp  boha.  DriUfaw.  tl4.  pH           / 

Multiple^pindle,  114.  plB 

DefecU   (UkIdhI   by    inqicctioil.    Study   of. 

point.  Advunti^a  of  thin  Att.  |13,  pS 

120,  pl« 

point.  Oivond  flat.  |13.  p8 

point.  Testing  fonn  of.  |14.  p32 

of  «t.  Effect  o(  VBnatim  in,  on  iptim  «< 

poinU,  Form  of  Ou.  |13.  pfl 

tool.  118.  pI7 

p«™.  113,  pi 

D«iiJi,  I2S.  pp21.  M 

pn».  Back  gearing  of,  |I4.  p3 

DianuUiiw,  lU.  p3B 

pre...  Boring  on.  121.  p30 

Bnctincmutof.  iU.pae 

BnetiDSMtoU.  fx&,paa 

PWB.  Driving  of,  |14.p2 

PUctDaboomof.  |3t.p37 

DiWOiud  filiDB.  133,  p44 

pnM.  Heavy.  |14.  pi 

-pnis.  n-indle  and  h«d.  |14,  p3 

point  toDb,  HoUbi  for.  116.  pl7 

radial.  Boring  on,  121.  p3e 

-pointed  bud  tool,  lie.  pl8 

Sensitive  ndial.  |14.  pl3 
rfiank.  Flat,  113.  pO 
abank.  Taper.  |13.  plS 

Its.  pl7 

.  -pointad  too).  fl7.  t>M 

ihaaka.  |13.  pie 

•pointed  tool,  Gnndins  of.  |17.  pM 

■hanks  and  aockeU,  Short,  |13.  pl8 

Die  faolden,  {20.  pH 

■hanki.  Spedri  fotmi  of,  113.  Pl9 

Adjwubk  pipe.  134.  p31 

Simple  radial,  |I4,  p6 

Spring.  130.  pl3 

•Dcket  (or  taper  ihairfu.  |13.  pOT 

nock  and  iDund  dio.  |24,  p38 

socket.  Key-grip.  |13.  p3» 

Mock  and  tqiwc  dia.  134,  027 

socket.  Pin-grip,  |13.  p38 

Din  and  die  holde«.  (20.  p8 

socket  irith  jetmnr.  Straight.  |13.  p3a 

Anlom.tic.  |30,  pl3 

■ocketa.  113.  t>38 

Autonutic.  tor  thitad  cutting.  lU.  pS? 

H.nd,  lie.  pM 

SUrting  a  tavt,  |18.  p38 

DiBiuuitlins  derridi.  |2fi.  p38 

Starting  the.  |14.  p30 

engine,  |2«,  p44 

vtTtieil  eaone.  |2fl.  p6l 

t«w,|13.pie 

DWiden.  Loatins  oeaMn  by.  |17,  pl4 

Tat,  113.  pl3 

Twisted,  113.  pi  1 

Utbe.  IIG.  p9S 

Uniwnal  radial,  114.  p7 

Stfaight-tuled.  118.  p4l 

UBd  at  countmiok.  113.  p3S 

Driller.  113.  pi 

-cut  file..  123,  pp»,  M 

Drilling.  (14,  pao;  124.  pl4 

hilch,  I2B,  p47 

and  Upping  devi«.  Safety.  |13,  p43 

ttaitad.  110.  p3 

Center,  113,  p5;  114,  p30 

thread..  Cutting,  |ie.  p37 

center  hok.,  [17,  pig 

Dnw-filiog.  (23,  p4S 

chUled  iron.  |33.  p3« 

Drifting.  134,  p8 

crow,  for  nIcheC  drill.  |24.  plS 

Drill.  113.  pi 

deep  holes.  114.  p24 

ud  iBunerbHibioai.  |14,  pS? 

duplicate  pieces,  (14,  p34 

Angle  and  length  of  tcnpina  edge  of .  114.  p33 

114.  P35 

chuck.  Quick  acting  rollei,  |13,  p41 

flanges  with  regularly  qaced  hols.  Jig  for. 

feed*  u«d  in  ordicKy  cut  iron,  |14.  p56 

II1.P3S 
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imgalar  mihco.  Jigi  lor,  {U.  p37 
jigt  and  GituRs.  114. 1)34 
Laying  oat  for.  |I4.  pZO 
Lead  bola  tor,  |U.  p22 
kMomotive  omneeting-rods,  |)4,  p% 
Lubricanta  for.  |I4.  pp31,  M 
nuchine  dumgc-ipad  gear-boi.  |14.  p8 
macbioe,  CoflatmctiOD  of.  |13.  pi 
■nachiiw,  Driving  gear  of,  |I3,  p3 
machine,  Braential  parti  ot.  |13.  pi 
machine,  Peed  motion  o<,  113.  p3 
machine.  Horiiontal  flange.  (14,  pl9 
■machine  Cable.  tl3.  p44 
machine.  Table  of.  113.  pi 
machine.  Uses  of,  |13,p4 
machine.  Vertical  flange.  \U.  plB 
machinej.  Kindi  of,  |H,  pi 
operation.  Heavy.  |H,p4S 
parts  logether.  f  13,  p4S 
Preparation  for.  %U.  p20 
RoUei  supports  for.  114.  p4 
Secuiinc  wnrk  (or,  |13.  p44 
tools.  |I3,  pe 
»  rapports  tot.  |I4.  p40 
with  jig.  Eiomple  of.  (14.  p38 
DriUi.  Angle  of  icUef  of.  f  13,  p« 
Breast.  |24,  pplS.  20 

broke  in  cast  inn.  Feeds  at  which,  {14.  pM 
Cannon,  |ia,  p34 

Carbon  steel  and  aDoy  steel  for.  |14.  p4 
Center,  |13,  p3a 
Chuck  for  heavy,  |13.  p41 
Chuck  (or  small.  |13.  p40 
Clearance  angle  o(.  {13,  p6 
Crank-driven,  f34.  pp15.  IS 
Cutting  speeds  and  feeds  for,  |14.  p46 
Ekctric,  124,  pis 
Feeds    and    speeds    for    high-speed    atael, 

114,  p5S 
Flat.  fl3,pa:lia,p33 
PleiUble^hafl.  |24.  t>plS.  10 
for  machine-screw  taps.  Table  ot  tap,  |14,  pSl 
for  medhim  wmk,  114.  pi 
for  Ups  with  U.  S.  standard  threads.  Table 

of  Up.  |I4.  pS2 
lor  taps    with    V    threads.   Table  of    tap, 

114,  pJO 
Forms  of  slot,  fl3.  pl2 
Piont  nke  of.  |13.  plO 
to  cut  larger  holes.  Grinding,  |14,  p34 
Hand  grinding  of.  |14.  p31 
HoMing  devices  (or,  113,  p3e 
Holding  of.  |30.  plS 
Lnbiication  of,  |13,  p20 


'    carbon-Meel,    114. 


Drills.  Main  (eaturea  of.  |13.  pfl 
Parallel  sides  (or  flat,  |13.  p9 
PneuDiBCic.  |24.  pIB 
Portable.  124.  pl4 
Radial,  f  14.  pS 
Ratchet,  |24,  pplA.  17 
Results  of  improperly  fanned  flat.  113.  p7 
fcotcb,  124.  pplB,  20 
Sensitive,  |I4.  pll 
Speeds    and    (oeds    ( 

ppS3,M 
Twist,  113,  pll 
Twisted  flat.  |I3.  plO 
Use  of  slot,  lis.  pl2 
were  rtm  when  broken.  Speeds  at 

IM.pM 
Drive  St.  |17,  pp31.  34 

fits,  i2e,  pi 

Driving.  Correct  method  of.  IIS.  p41 
gear  of  drilling  machine.  113.  p2 
mechanism.   Placing   of  planer   tab' 
12«.p»l 

Spring  due  to  method  of,  118,  p39 
Duplicate  pieces.  IMlling,  |I4.  p34 


1.  |M,  p 


1,27 


,  |2t.pS2 

tnicka,  12S.  p34 
Emery  cloth.  Use  of.  in  polishing,  118,  p33 
Engine.  Appliances  (or  OMcting.  on  foundatior 
126.  p4e 

bed.  Laying  out.  124,  p49 

bed.  Preparation  of  (oi  erecting.  f26,  p37 

bed.  Work  neceKary  on.  las,  p48 

craiik-ihaf  t.  Fitting.  t2fl.  p36 

cyUnder.  Bering.  IIT.  p43 

cylinder.     Bringing    iff    line    with     guide 

|2a.p3e 

cyUnder.  Pitting  to  bed.  f26.  p37 
cylinder,  Lining  guides  to,  120,  p3S 
Devices  (or  oiling  vertical,  |26.  pSO 
DismantUng.  126,  p44 
erectnn.  |3«.  pSK 
foundations.  126.  p4S 
giBdes  and  cylinder*.  Pitting,  126.  p48 
lathe,  115,  pi 


120.  p30 
kithe.  Turret  applied  to,  120,  p25 
oiling.  Devices  for.  {26.  p42 
Painting  and  finishing,  126.  p44 
parts.  Fitting  reciprocating.  126,  p41 
parts,  Placing  recipiwating.  |2e.  pM 
Permanent  erection  of  vertical,  129.  p61 
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Engine.  Sniing.  on  foanditkm.  130.  i>17 

EnffincB,  Diaminlling  vertical,  130,  p51 
Bnctinc  horimnul  lUtloiury,  )2fl,  p3T 
Efedling  vcniul  ■utionuy,  |3S.  i»«8 

EquBlins  fiks.  |Z;i,  ppSa,  37 

Bqualiting  doss,  f  18,  I>t3 

Erecting,  |3fi.  pi 

Erecting  engine  on  fouadalion.  Appliuwe*  for. 

Eumpla  of,  130,  plS 

noon,  i2S,  piilZ.  13 

floors.  Poundktioiu  for.  f £5,  plS 

floan.  Kind*  of.  |2S.  pl3 

gin  tok.  |2S.  p34 

horitontAl  itatioiiHry  enginei,  fM,  p37 

mut  of  derrick,  |2fi,  pSfl 

Shop  uid  field,  135,  pi 

small  denick.  |2e,  p3S 

Tempotuy.    and     tonporBry    foundatknti, 
|2S.  Pl2 

tool]  and  appliancea,  |35.  p] 

vertical  statioRary  engineg.  iX,  pl8 
Ereotkm.  Engine,  128.  p36 

of  large  wfaeeli.  136.  plS 

of  tatheg  and  ptanen,  130.  plS 

of  lathea.  Syitcnu  of.  126.  pl8 

of  planer  in  place,  |36,  p33 

of  vertical  engine.  Permanent,  126.  pKI 

Shop,  of  planen,  |26.  p27 
Brror    when    nibdividing    dn^lei.    Reduekic. 

|2<,P« 
Errori  in  lathe  work,  ItB,  p3A 

in  machine,  118,  p43 

Bipuiding  mandrela,  |1S.  p4S 

mandrttl.  Special,  115.  p4T 
Expansion  namer.  113.  p27 
Eilension  arms  for  vertical  boring  mill  table, 

Bi.pii 

boring  mill,  121,  p4 

(or  socket  wrench,  133.  plO 
Eitemal  thread,  IIB,  pi 
Eyesplice.  12S,  pp41,4S 


Pace  plate.  Chucking  on.  |15,  pS7 
plate.  Clamping  regular  work  to,  115,  p38 
plate.  Clamping  rocker  arm  to.  US,  p80 
plate.  Double,  114.  p42 
plale.  Use  of  paper  on,  lis.  p40 
pbteo.  Its.  pie 

s.  Adjustable  jaws  for,  US,  p38 


(.  113,  P 


5.  H,  : 


head,  HonEOnuI  floor  mill,  131,  p26 
'  Radial.  IIS.  pl3  , 

Radial,  of  sUtionary  work,  118,  pl« 


Pacing,  Spot,  |I3,  pS 

tool  for  chilled  iron.  122.  pS 

Tools  used  in  rulUl.  US.  pl3 
Factors   for  finding  dimensiona  for  dividing 

circles.  Table.  |24.  p43 
Fattening    work    on    boriionul    floor    mills, 

|2I.  p36 
Feed  for  ban.  Roller.  |30.  p33 

Advantages  of  power.  IH.  p2l 

.mechaniBn  of  drill  press,  IH,  p4 

■motion.  Lathe.  US.  p4 

-notion  of  drilling  machine.  113.  p3 

of  lathe  tool.  117,  plO 

of  lathe  tool.  Relation  of.  to  material,  |17.  p  10 
Peedi.  Advantage  of  coam.  117,  pl2 

and    speeds    for    carboniteel    drills,     HI, 
pp53.  54 

and  speeds  for  hifh-ipeed  steel  drills.  |J4.p^ 

and  speeds.  Grinding.  |33.  p31 

at  which  drill,  broke  in  cait  inm.  114.  pj6 

Cutting,  for  chilled  iron.  133,  plS 

for  drills,  114,  p4« 
Female  thread,  116,  pZ 
Field  erecting,  135,  pi 
Pile  card,  123.  p4e 

face.  Convexity  of.  123.  p3B 

baodles.  Pitting  wooden.  123.  pSfl 

handles.  Special.  123,  p40 

Position  of,  for  routing  work,  118,  p31 

Piesnire  on.  |23.  p4S 

steel.  IM,  p3 

teeth.  Forms  of,  |23,  p33 
Filed  work,  Pinishing,  |33,  p47 
Filea,  Blunt,  equaling,  taper,  hand,  and  tafe- 
edge.  or  side,  123,  pp36,  37 

Caie  of.  lis.  p30;  123.  p4e 

Circular  cut,  |23.  p33 

chines      for. 


Grading  of,  123,  p3E 

Holding.  {23.  p40 

Increment-cut,  123,  p33 

Pinning  of,  133,  p48 

Selection  and  sue  of.  |23.  p4S 

Shapes  of,  123.  p36 

Single.,     double-,     and     circular-cut.     |33. 

pp33,  34 
Siies  of,  123,  p3S 

Table  of  characteristics  and  uses  of.  |23.  P38 
Use  of.  123,  p33 
Piling,  123.  p32 
and  scraping  lathe  work.  |18.  p30 
broad  surfaces,  133.  p44 
Chattering  when.  123.  p33 
Cross.  {23.  p43 
curve.,  133.  p45 
Diagonal,  133,  p44 
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Pilins,  Draw,  123,  pM 
Zfttct  of  oil  on.  123.  p47 
Even,  on  icuting  irerk,  118,  p32 
Height  of  work  for,  123,  p4T 


muhina,  (23.  p50 

I^antion  of  body  vhsn.  |23.  p47 

PurpOM  of,  fZ3,  p37 

Speed  ot  work  for,  |IS,  p3I 

■und.  123.  p20 
Pilling  and  punting  mochinca.  i36.  p20 
Finished  mnk.  Limits  ol  nccuiiKy  Rquind  in. 

120. pi  1 
Finishing  and  roughing  cuts  in  boring.  117,  p4I 

box  tool.  (20.  p7 

by  grinding,  |1T,  p33 

cut.  Cutting  speed  for.  (17.  pfl 

cut,  Cylindn-  boring,  (21,  p38 


tsforn 


!.  i".  pi 


s.  Lathe.  (17,  p23 

cmtt,  RaJfc  for  ronghiog  Mid,  (Ifi,  pB 

engine.  |2fl,  pM 

filed  -work.  (23.  p47 

lathe  work.  |1S.  i>30 

polished  auriaces,  |1S.  p33 

tools  for  chilled  iroo.  (22.  pS 
Fit,  Drive.  |1T,  pp31.  34 

Press.  (I7.pp31,3e 

Running  or  sliding.  (17,  pp31.  33 

Shrink,  117.  pp31.  37 

Wringing,  117,  p31 
Pics,  Allotranca  lor  different.  (17,  ppSg.  40 
(26.  pp5,  S 

ADowances  for  press.  (17,  pSB 

Allowances  for  shrink.  (17.  |>38 

Allowances  for  eliding,  117.  p33 

Assembling  shrink,  117.  p3S 

Clusificntion  of.  (20.  pi 

Drive,  prew,  and  sbhnk.  (26.  pi 

Keating  work  lor  shrink.  120.  pS 

Influence  of  temperature  on,  tfft-  PG 

Kinds  of.  |I7.  pSI 

Shrink,  120,  p7' 

Shrink,  on  large  guns,  117,  p3e 

SUding.  running,  free,  and  bearing.  126.  pi 

Straight  and  Uper  preu.  (2B.  pp4,  0 

Straight  press,  (17,  pp35,  3fl 

Tapei  press,  [IT,  pp3S.  36 
Pittii«  and  finishing  hy  grinding.  (IT.  p33 

and  inspection  of  work.  120.  pi 

cylindrical  work.  117,  p31 

engine  crank -shaft,  120,  p3ll 

engine  cylinder  to  bed.  (20,  p37 

flywheel,  120.  p42 

guides  and  cylinders,  120.  ptS 

!  and  cailstack«.  (20,  ppl0,  21 


Pitting  keys.  (24.  pl3 

Utbe  saddles,  120,  p2a 

of  taper,  (IS,  pll 

reciprocating  parts  of  engine,  (20,  p4I 
Fiitnre,  Boring,  for  gas-engine  piston,  (21,  p3G 

for  boring  duplei  pump  cyUnders,  131 .  p34 

for  turning  spherical  surfaces,  121.  pl^ 

Hand-ponei  boring,  (21.  p30 
Piiluna,  Boring,  (21.  p34 

Drilling,  (14,  p34 

(or  supporting  and  rotating  work,  (14.  i 
Follower  rest.  |I8.  pI9 
Plange-driUing  machine.  HoriionU],  114,  plfl 

-drilling  machine.  Vertical.  |I4.  pl0 

Layii«  out  bolt  holes  for  pipe.  124,  p41 

with  intgularly  spaced  holes.  Jig  (or  drilliog.  ^ 
(14,  p3S 

with  regularly  spaced  holes.  Jig  for  drilling, 
(14.P3S 
Plat  chisels,  [23.  p24 

drill.  Lipped,  (13,  plO 

drill  point.  Advantages  of  thia.  (13,  p8 

drill  point.  Form  of.  (13,  pO 

drill  point.  Grooved,  |13,  pS 

drills,  113,  pfi;  (10.  pB3 

drills.  Parallel  sides  for,  (13.  p9 

drills,  Results  of  improperly  formed,  [13.  p7 

drills,  Twisted,  [13.  plO 

reamers,  (IB,  p34 

scrapers,  [34,  ppl.  2 

surfaces.  Chipping  lai^.  (23,  p2S 

turret.  Constmctioa  of.  120,  p34 

-turret  chuck  work.  120,  p39 

turret  lathe,  (20.  p2S 
Flexible-shafc  drills,  |24.  ppIS,  10 
Pkior  mills,  HoriBSntal,  121,  p24 

mills.  Setting  and  fastening  work  on  hori> 
sonUt.  (21,p2e 

pits.  (26.  ppl2,  17 

pits.  Construction  of.  [2(>.  plS 
Ploon.  Brick,  tiS.  ppl3.  IS 

Ckiocrete.  126.  ppl3,  18 

Bsirth,  (2«,  ppl3,  14 

Erecting,  (25,  ppl2,  13 

Foundations  for  erecting,  [2A.  pl3 

Inm  plate.  (25,  ppl3.  10 

Kinds  of  Erecting,  (26,  Pl3 

Scantling,  [26,  pl3 

Tar  concrete.  (36,  pis 

Wooden-block,  |26.  ppl3,  IS 

Wooden-plank.  (26,  ppl3.  14 
Pluted  chucking  reamers.  |I0.  p3a 

Straight-,  drill,  (13.  pl2 
Flywheel,  Assembling  rim  sections  u(.  (2U.  pl7 

Pitting.  130.  p42 

Polishing  rim  ol,  (20,  p17 
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Flywheel  shaft,  Linum  up.  laS.  plS 
TorniDS  aida  and  face  of  rim,  IM.  plT 

PDllomr  rest.  Solid  bwhbisa  for.  |1S.  pao 
'  Force  of  cut.  EBen  of,  on  spring,  IIS,  pSS 

Forsed  romuiv  tooU.  |30,  plA 
Ciiniii«lool*.|I6.pl2 

Fonainfl  he^dA,  Blades  of,  |30.  pSl 
beads.  Special.  |20.  p30 


tools.  Patged.  |ao.  ptS 
tools.  Straight-faced,  |30,  plT 
tools.  Vcrtical-alide.  t30.  plS 
Poundatkm-bDlt  tanplet,  130,  pM 
-bolt  templet,  and  pennaimn  fouadaiioii. 

{£5,  pl3 
PeimuKat,    Bad    foundation-bait    leniplel, 

*a6.pia 

Setting  engine  on.  (20.  H7 
Foundations.  Engine,  |Zd.  p45 

for  erecting  floors.  i3S.  pI3      - 

Tanporary.  and  temporary  eiecti 
Franklin  InatituU  thread.  |19.  pE 
Free  lit.  iW,  pt 
Front  take  of  drills,  f  13,  plO 


Grinding.  Drill.  ^U.  p31 

dials  to  cut  larger  holes,  f  14.  p34 
.     Fitting  and  flniahiiig  by.  117.  p3> 
Hand,  ofdiilk,  114.  p31 
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Gap  la 


!.  120.  p4« 


|3I.  p35 

pipe.  Table  of.  f  14.  D*^ 
GaBoline-opaat«d  tnicks,  ISA,  p34 
Gauge,  Stop-.  120,  p5 

Testing  iniide  threada  snth.  IIS.  p43 

United  SUtes  standard  thread.  IIS.  plO 
Gauges  far  laying  out  keynyi,  |24.  pl4 

Use  of.  in  meaauriag  bored  hole*,  117.  p4l 
Gear-box.  Change-speed.  |14.  pS 

-boi.  Indei  plate  for.  1 19,  pea 

-boi,  Lathe,  llB.p53 
Geared  head  lor  lirtbe.  |I5.  p2S 

head  of  turret  lathe,  |ao,  p30 

Ratchet,  screw  lifting  jacks.  (2S.  pO 
Gearing.  Back,  of  drill  proa,  114,  p3 

Quick-change  Uthe,  119.  pOB 
Gears.  Calculating  change.  f6r  screw  cntting. 
IIS.  p24 

Calculating  compound  change.  |I9.  p3S 

Calculatpig  simple  change.  116,  p27 

Lathe  back.  tlS.  pS 
Gin  pole.  Erecting,  KS.  p3* 
Gouge,  Hall-round,  {23.  p2e 
Gauges.  123,  ppZ4.  30 
Grading  of  Glas.  |33.  p35 
Graduated  dial  on  cn»a-(<«d,  IIP.  p34 
Grinding  chilled  rolU,  fXZ,  pp3,  30 


lathe  I 


a,  lie.  p 


machine.  Cylindric 

machine.  Poole,  123.  p39 

of    diaruoihd-poisted     inaerted-blade     tools, 
lie,  plT 

of  diamond-pointed  tool,  |17.  p24 

of  rolls,  |2Z,  p32 

side  looU.  |1«.  paO 

speadi  and  feeds.  |32.  p3I 

thnsdii«  tool,  lis.  p7 

Tool.  |ia,  pX» 

tool.  EBect  of  improper.  |I6,  p33 

tumiiv  tools  for  chilled  iron,  |>3.  pl4 

wheels  for  chilled  tron.  Selectioo  of.  !».  p3t 
Grooved  rolls.  Kinds  of.  |33,  pl9 

rolla  with  ck»ed  paate«.  TumiDg.  |32.  p23 

rolls  with  open  passes.  Tumirw.  113,  p31 
Groovi(«  cWseU,  |Z3.  pp34.  30 

tool  for  diilled  iron.  |22.  pH 
Goidea.  Bringing  engine  cylinder  in  line  with. 
120.  p3S 

Fitting  engine.  §31.  p48 

Lining.  10  eivitie  cylinder.  iaO,  p3S 
Guna.  Buildiog  up  laige,  117,  p3e 


Hack  aawi.  Hand.  (23.  pfl 

saws.  Power.  |23.  pO 
Half-rcsnd  esd  scraper*.  |34.  pp2.  S 

round  scrhpers,  134.  pp2.  5 
Hammer  and  chloel.  Holdtog.  |33,  p37 

Chipping,  pneumatic.  123,  p3l 

handles.  |Z3.  p3 
Hanuneni.  |23,  pi 

Ball-,  strai^t-.  and  crosa-peen.  |23.  p 
Hand  broadiina,  124.  pS 

dies.  lie.  psa 

file.  m.  pp3a.  37 

gnoding  of  drilb,  |I4,  p31 

h>the.  pO,  pS4 

-operated  <nnes.  Portable.  |Z5,  p38 

-operated  traveling  crues.  t3£.  p31 

■poosr  boriiw  fixtnie.  ML  p30 

reamer,  Oidinary.  |24.  p31 

Teamen.  113.  p23 


slide  rest.  120,  pM 
Upping.  124.  p34 
taps,  119.  pOl 
tools,  lie.  p28 
tools.  Theory  ol  cuttiag  ti 
ilO.pl 
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e.  fl3,  p3S 


Head  tracki,  |25,  p34 

HBDdlea,  Fitiing  wooden  GI 
Hunmer.  fI3,  p3 
Special  file.  |33,  p40 

Maidiwu  of  centera.  118,  p4e 

Had.  Drill  press  apindle  ud.  (14,  pS 
Geand,  of  turret  lathe,  pO.  p30 
tiorismtal  boriB^machTQe.  f31.  pH 
Rail,  for  borii«  mill,  (Zl.pS 

Headi.  Settir«  planer.  126.  p36 

Headatock,  Geared.  115.  p36 
Lathe,  f  IS.  p5 

Machinins  and  fittins.  I3B.  pifi 
ipiDdlet.  Bofing  for,  tX,  p30 
■pindlea.  Taper  bolea  in.  |»l,  pM 
W  <n»k  for  ahrink  Gti,  !».  p8 


.  Locat 


117.  pl5 
Higfa-qjeed  drill,  Hcavy-dtitr,  %U,  pl5 

-speed,  diills.  114,  p4 

-speed  sensitive  diill.  f  14.  pl4 

-spepd  steel,  lie.  pl3 

■speed  steel  drills.  Feeds  and  speeds  for, 
114.  pM 
Mitch.  Blackwall.  f35,  p47 

Double,  tZ5,  f47 

TimbeT,  |2S.  p4B 
Hitches,  Rope.  |2S.  p47 
Hoists  and  trucks.  |3&,  p3l 

Electric.  |Z5.  pp31.  37 

Pneuniatic.  |3S.  pp21.  30 
Holder.  Heavy  iosertad-blada  tool.  IIS,  pl7 
Holden.  Die.  |30.  p8 

for  boring  tools,  US.  p33 

for  diamond  point  tools,  |I0.  pt7 

for  tuniini  tools.  (Ifl.  ptS 
Holdina  and  drivii^  hollow  roUs.  133.  p3& 

devices  for  drills,  f  13.  p3S 

file*,  133.  pW 

hammer  and  child.  13t.  p37 

lathe  tools  tor  hollow  lolb,  |G3.  p31 

scraper.  |24,  p6 

work  for  drilUna.  |I3.  p44 
HoUow  mil],  Adjusuble.  f30,  pll 

mill.  SoUd.  130.  pll 

mills.  113.  pU 

rolls.  Holding  and  drivii«.  f^.  P36 

rolls,  Lathe  for  tuntii«.  f23.  p3t 

colls.  Tuniag,  |33.  pp3S,  3S 
HaokBcrapers.{»,ppl.4 

scnpen.  Right-hand    and    left-hand.   f34, 

Horixontal   adjustments  of   boring   machine, 
I3I.P33 
boring-machine  head.  121,  pl4 
bori[«  mill.  fZI.  pi 
borii«-milt  work.  |Z1,  pI3 


Horieontal  floor  mHls.  fSl,  pH 

door    mills.    Arrangement    of    boring    I 
cutter,  and  facing  head.  |31.  p2fl 

floor  nulls.  Setting  and  fastcnirig  work 
121.  p3fl 

nationary  engioeg,  Erecting.  IM,  p3T 
Horses.  {25.  p3 
Hot  iron.  Siae  of  rolla  for  workii«.  123.  pZ4 

lOlU,  123.  pZ3 
Boniio^  Setting  of  plaser.  f36,  p30 
Hnbbing  tool.  |13.  pIS 
Hjrdraalic  ju^,  135,  plO 

press.  Portable.  126,  p3 

piBs.  Stationary.  {36.  p3 


tncrementxal  filia.  |33,  pa3 

Independent  chuck.  Setting  work  in.  |IG.  p33 

chucks,  lis,  p30 
Index  plate  for  gear-box.  {19,  p56 
Indicator.  Thiead.  {IS,  pSI 
Indicaton.  Drill-press  depth.  (14.  p30 
In9erted;bUde  parting  too],  |I6.  pia 

•blade  threading  tools.  |19.  p8 

-blade  tool  holder.  Heavy,  |IB,  pIT 

blade  tools.  Grinding  of  dkanwnd-pointcdt 
f  IS,  pI7 

blades.  Reamers  with.  Il3.  p2S 
Inside  threada.  Cutting.  {IB.  ppSS.  41 

tlireade.  Testing.  {10,  p43 

thnads.  Tools  for  cutting,  |ie.  p40 

-thread  tool.  Setting,  IIB.  p40 
Inspection  bench,  rooms,  and  tags.  |3fl,  pl3 

of  lathes,  {26.  p35 

of  taw  matertal.  |26.  plO 

of  topes.  lUnga,  and  laihings,  {25.  p«0 

Stody  of  defects  diseased  by,  {26.  pl4 

of  work.  126.  ppl,  10 

of  work  in  ptogress.  (36.  pl2 
Inspector.  Judgment  nquiIT^d  of,  |26.  pl3 
Internal  thiead,  |10,  p2 
Inverted  partii^  tool.  {30.  p21 
Iron  blocking.  Cylindrical,  {35,  pS 
Iron  blocks.  {25,  ppS.  4 

Chilled.  {22,  pi 

plate  Boors.  135.  ppl3,  IS 


Jack.  Adjustable-top  levetipg,  |35.  p7 

Ratchet  lifting,  ^.  pp3,  0 

Screw,  |I3.  p45 

Screw  lifting.  {25.  p8 

Simple  lereliog.  126.  p6 
Jacks.  {35.  pp3,  6 

H/draulic.  {25,  plO 

Lifting,  scran,  geared,  ratchet,  {25,  pB 

Screw.  {25,  p3 
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Jacks,  Vk  at  bctck,  (M.  p*l 

Jaws.  AdjusUblc.  for  face  plBles,  115,  p38 

Spring   of   vork   from   preuure   of   chuck, 
ilS.p36 

ViK.  (23,  pis 
Jib,  cisnu,  IXS,  p2S 
]«.  Biunpli  of  drilling  with.  |14,  p3e 

for  drillijig  Sangei  with  irnsulaily  ipacad 
hole*.  lU.  pas 

for  drilUnE   flongei   with   ngulsrly  spaocd 
hold.  {U.  p35 

Outikle.and  inside,  |I4,  pM 

Tapping,  fZ4,  p2S 
Jigi.  Dritling,  114,  p34 

Piling.  123,  [Xfi 

for  drilling  irrcgulHi  surfaces,  f  14,  p37 
Journal  up,  Laying  oul  large.  f24,  p4fi 


K«ni>e«,  Angle  of,  |ie.  p5 
Keys.  Pitting,  |24.  pl2 

Provision  lor  withdiawinc,  |34,  pU 

Rectangular.  |24,  pl2 

Round,  124,  p  13 

Taper  of,  |M,  pl3 

Woodruff,  f24,  pI3 
Keywavs.  Broaching.  {24,  pIO 

Chipping,  123.  p40 

Gauges  for  laying  out.  |34,  Cl4 
Knot,  Bowline,  {26,  p4» 

Overh&nd,  |26,  p44 

Square,  |2S.  pi9 
Kjlou,  Rope,  126.  p4T 


Lagging  steam  cylinden.  |26,  pU 
Large  parallels,  12&,  pIB 
Lashings,  |25.  p39 
Lashings,  Inspection  ol.  12S.  p40 
Lathe  apron.  Pitting.  |26,  p2a 

Assembling  parts  of,  |2e.  p23 

Axle,  t20,  pSI 

bock  gears.  ilG,  pe 

beds.  Machining  of,  128,pl8 

bed).  Seasoning,  126.  plS 

beds.  Testing  and  scraping,  |Ze.  plB 

wrrioge.  |15.  p4 

centers,  |15.  plO 

ceolers,  Pormi  d,  |I6,  p2t 

centers,  Grinding,  f IB,  p4S 

cenlers,  Limng,  |1S.  pGl 

chucks,  lis.  p2B 

chucks,  Clossificatkin  of,  |lfi.  p30 

Comparison  ot  engine  and  turret,  |20,  p30 

cut.  Taking  the,  f]T,p22 

cuts,  Roughing  and  finishing.  {17,  pp22,  23 

Cutting  screw  threads  on,  |19,  p24 


Latbe  detail,  |1S.  pi 
dogs.  116,  p23 
double  back  gcors,  |15,  p8 
Engine,  |1S,  pi 
feed-motion,  |IS,  p4 
Plat  toiret.  f  20,  p28 
for  heavy  work,  il5,  p23 
lot  taming  boUow  rolls.  (22.  'p2S 
Gap.  120.  p4e 
gear-box,  |1S,  p53 
gsring.  Quick-change.  {16.  p2S 
Hand,  or  speed.  |20.  pM 
hwdstoclc,  lis,  p5 
headstocks  sjid  tailatocks.   Machining  and 

fitting,  126.  pplS.  30,  21 
Ltad  (rf,  IIS.  p2a 
Main  parts  of.  (IS,  p3 
monitor,  Uniyenal,  |20,  p33 
operatiaDS,  |I7,  pi 
Plain  taper-turning,  fX,  p48 
PaDey.  120.  pM 
saddles,  pitting,  |2fl,  pZ2 
Setting  up  roll  in,  |S3,  pie 
Spedal  shafting.  (IS.  p30 
Special  turret,  (or  bawy  mrk .  f20,  pSS 
Speed-,  coantertbaft.  |a0.  pGfl 
Ssringof,  IIS.  plO 
UilMock,  |l5,p8 

thnut  hearing  in  haaditock,  (IS,  pll 
tool.  Conditknu  gomning  shape  o<,  lit.  pT 
tool.  Effector  height  on  ttrengthirf.llG,  pll 
tool.  Peed  (rf,  117,  plO 

tool,  RelatioD  of  feed  of ,  to  tnaterial,  |17,  plO 
Toolmaken,  |20,  pIS 
tools.  (16,  pi 
tools.  Bent,  |IS,  p36 
tools.     Conditions    influencing    aogtea     at, 

118.  p7 
tools.  Cutting  speed  of,  |17,  pi 
tools.  Effect  of  feed  oa  diape  of,  lift.  p9 
tools.  Effect  of  hardness  of  metal  od  slupe, 

U8,p8 
tools.Effectof  kind  of  metal  on  shape.  |IS.p7 
tools  for  brass.  Shape  and  setting  c<.  |10,  pll 
tools.  Holding,  for  hoUoar  rolls,  |23.  p37 
toola.  Relative  cutting  qieeda  o(  metals  with 

carbon-steel.  |17.  pB 
tools.  Shapes  of,  )16,  p2a 
tools.  Spring  of,  |1S.  p3S 
triple  back  gefirs.  |IS,  p8 
Tlutet,  120.  pi 

Tumt  applied  to  engine,  (20,  ii2S 
Tm-ipindle,  |2a  p4e 
Wheel.  120,  pS3 
work,  Erforsin,  {IB.  p36 
work.  Finishing,  (18,  p30 
work.  Polishing,  |18,  p33 
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LaUie  work,  Sptdal,  fig,  [i2S 
Lathca.  Accuncy  of  new,  {IS.  pM  . 

and  I*th<  attachiiKiiU.  |IS.  pi 

Bench.  120,  i>44 

Bloclcing  up  of.  |30,  pSI 

Compound-seared.  )19.  p2S 

Bnctton  of,  |2«,  plS 

for  iDinins  chilled  roUi.  f23,  pS 

Itupection  of,  {26,  pZS 

Simple-geared.  |1S,  pZ5 

^wcial  chuclu  [or  toolmahen',  |30,  p43 

fecial  fomu  <A  turret.  {20.  p21l 

Syitems  of  enctkn  of.  (30.  plS 

Types  of  turret,  {20.  p2 

When  to  uH  tamt.  {20.  p41 
Laying  oC  nbdiviiioni  of  circle.  {34,  p43 

oat,  (24.  p31 

out  appliance!,  Special.  {24.  p40 

out  boll  hole*  for  pipe  flanceg,  (24,  p44 

out  centers  for  tumin^  crank-ahafta,  |18.  P3G 

out  cnnk-amii,  |24.  p46 

outciDMhe*].  I24.P4T 

ODE,  Divitioai  of,  {24,  p32 

out  enda  for  amall  nida.  {21.  pS3 

out  ««ine  bed.  {24.  p49 

out,  Eumplea  of.  |24.  p41 

out  for  diilliiw.  {14.  p20 

out  keywayt.  Gauges  (ot,  {21.  pI4 

oat  large  foumal  cap,  {24,  p4S 

out,  Methodi  of.  {M.  p32 

-out  plate  for  geneiml  work.  {24,  p37 

•out  plate  for  heavy  initk.  |34.  i^ 

-out  plate  lor  light  work.  {24.  p34 

-out  pUte,  Revolvii«,  {24.  p38 

-out  toota,  {24,  p34 
Layout.  Preliminary,  |24,  p31 

Setting  to.  in  boring  machiae  work.  |21.  p21 
Lead  hoW  for  drilling.  {14.  p22 

of  lathe,  f  10.  pSO 

of  thread,  {19.  pZ 

-tcrew  nut.  Opening.  {10,  p90 

-acRW  pitch.  Accuracy  oC,  {10.  p4a 

-«cm  suppoitt,  (15,  pO 

■crews.  Bolt  cutten  with.  (IB.  pSB 

•crewi.  Stnugfatening,  (IS,  pZ2 
Left-hand  thread,  {10.  p2 
Length  of  scraping  edge  of  drill.  (14.  p33 
Leveling  jack.  Adjuilable-top,  (2S,  p7 

iack.  Simple.  |26.  pO 

planer  bed.  (24.  p2e 
Lifting  jock.  Ratchet,  {2G.  pp3,  9 

laiX.  Scren,  {2S.  pS 

jacki.  Screw,  gesitd.  and  ratchet.  {25,  pd 
Limits  of  accuracy  required  in  finiJied  work. 
{28.  pi  1 


Lining  guidei  to  engine  cylinder,  (26.  p3il 

latbecanten.  (18.  pSl 

Setting  by.  in  boring  machine  work,  {21,  t 

up.flywheelihaft,  (26.  pis 
Ldp  tools  (or  chilled  iron.  (22.  pg 
Un  oeolcr.  Removal  of,  (18,  p50 

center.  TUmiag  of,  |1S.  p4T 

•piodle,  Lathe,  (IS.  pll 
Locating  ctnten  of  circles.  {24,  p41 
Locomotive     connecting-rods.     Drilling     a 

reaming.  (M.  pSS 
Long  splice.  (25,  pp4I,  43 
Lubricants.  Application  of  d 

fordrilliag,  |U,  p31 


■ill.  (IS.  P 


for  drilling,  r 


U  and  tapping.  Table  of. 


{14.P52 
Provision  [or  supplying  di 
Lubrication  for  thread  cutti 
of  drills,  (13,  p30 


Machine  reamera.  {13,  pSl 

rt«ning.  (U,  p27 

-•crev  tap).  Table  oi  tap  drills  tor,  (14,  pGl 

-screw  thread.  {10.  pi 

Upping.  {10,  pel 
Mactaine*,  Strai^iening,  (IS.  p20 
Machining  chilled  iron.  {22,  p3 

headalocks  and  Uilslocks.  (26,  plS 

lathe  bed*.  (36.  plS 
Male  thread.  (10.  pi 
Mandrel  pitai,  (15,  p43 

Special  expanding,  {IS.  p47 
Mandrels.  Care  of  centers  of.  {IC.  p43 

Cast-iron  solid,  (15.  p46 

Cone.  (15,  p4A 

Expanding.  {IJJ.  p4fi 

Heavy  cats  on  light,  {IE,  p44 

Nut.  (IG.  p4e 

Putting,  in  work.  {IS,  p43 

Solid.  (Ifi.  p41 
Marking  miituna.  {24.  pe 

Pnusiin-blue.  {18.  pl2 
Marlinspike.  {2S,  p41 
MsTTying  rope  strands,  {25,  p41 
Maaoniy  pit.  Large.  (35,  plO 
Mast  of  derrick.  Erecting.  {25.  pSA 
Material.  Inspection  of  raw.  (26,  plO 
Materials  used  for  ropes.  (25.  p39 
Measuring  bored  hole*.  (17,  p41 

screw  threads.  (10.  p3 
Methods  of  naming,  (14,  p25 
Metric  threads.  Change  gears  for,  {19,  p31 

thread  Uble.  (10,  pp22,  23 
Mill,  AdjusUble  hollow.  (20.  pll 

Butt,  (26.  pSO 

SoUd  hoUow,  (20,  pll 


^dbyGoogle 


Milling  on  borinc  mill,  }31 ,  t>24 
Mills,  Hollow  and  bun,  |13,  pM 

UoiinDMl  Hoar.  |21.  pS* 
Mixture).  Mu-ldog,  |34,  pO 
Monitor  lathe,  Univeceal.  |20,  p3S 
MonkeywreQch  mnd  pipe  atticlUBeflta,  f33,  pl3 
Mone  tapers,  |13.  plT 
Mottled  chill,  |2Z.  p2 
Multiple^piodle  iliill,  (14.  plfl 

tlueads,  119,  p3 

threadi,  Cuttine,  (IB,  p37 


Neddne  chilled  mil,  |M,  pI7 

chUled  lolli,  122.  pB 
Nulling  tflol.  f  20,  p9 

tool.  Partine  anl  cainbiiiatkin.  ^X,  pO 
maadrels.  |lfi.  p4e 


NuU, 


and.  f  IS,  ppe.  10 


Oil.  Effect  of,  on  filing.  183,  pi7 
Oiling.  Devicea  lor  engine.  |26.  p*2 

venical  engine,  Devicea  lot,  {26,  piO 
Old  man  for  ratchet  driU,  124.  pl8 
Open  peases.  TemiileU  (or.  (22.  p20 

-Bide  planers,  (M,  p27 
Origin    of    United    Statea    standacd    Ih 

(18.  pll 
Ovals,  Turning.  (18,  p2g 
Overhand  knot,  |26.  p44 


Painting  and  finiihing  engine.  (2«.  pl4 

Pilling  and.  machines.  (26.  p26 
Paper.  Use  of.  on  face  plate.  (IS.  p40 
Parallel  hlocki,  |if>,  p4 
Parallels.  (13,  p4e;  |2S.  p4 

Circular,  (14.  p39 

Large.  |26,  plB 
Parbuckle.  (2S.  p4B 
Parting  and  forming  tool,  Combintd,  |XI,  p22 

and  narling  tool.  Combination,  |20,  pfi 

tool.  (10.  plS;  (20,  pO 

tool,  Inserted-blade,  (16.  pl9 

tool.  Inverted.  (20,  p21 
Passes,  Open  and  ckaed.  (22.  p30 

TempleU  for  closed.  |22.  p22 

Templets  for  open.  (22,  pao 
Patching  chipped  caitingB.  (26.  p24 
Piano  mt.  (22,  p7 
Pinch  ban,  (25,  p2 
Pinning  of  files.  (23.  ptB 
Pipe  altadunents.  Uonkeywrtnch  and,  (23,  pl3 

Chain  tonga  for.  |23,  pl2 

cutler.  (23.  plS 


Pipe-cutting  marhinf,  (M,  p£7 

Cutting  oB,  110,  pCl 

dies,  Adiuslable.  (M.  pll 

Aanges.  Laying  out  bolt  holes  iot,  |S4,  p44 

stock,  124,  p30 

Table  o(  standard  sMun,  gas,  knd  water, 
(14.  p40 

tapping.  Oiflling  IidIss  for.  |U,  p3A 

'nuEOding.  (30.  pel;  |M,  1^8 

thread*,  (34.  p27 

too«L03.plS 

viae.  (23.  plT 

wrench,  StiUini.  (23,  plB 

wrench.  Use  oi  rope  aa.  |1S,  plA 

wrenches.  (23.  pl3 
Piston,  Boriog  Gjaare  for  fa^engiiie.  (21,  p3S 
:  bushing,  C  ' 


Pit  o 


(2i.  Pis 

Maamry.  (20.  pU 

Wooden,  (as,  p31 
Pita.  Construction  of  floor,  (IS,  plS 

Foor.  (25.  ppl2.  IT 
Pitch,  Effect  of  di^t  djffertnEc   of.  oa  fit, 
.      (19.  p48 

d  sett*  tbieads,  Inaccuioci'  of,  (IS.  pS7 

of  thread,  |ia.  pl 

of  thnads.  Sapivaniig.  (19.  pl 
Plainclamp,  113,  p4S  . 

Planer  bed.  Leveling.  (2S.  p2e 

bed.  SuppoRiw  of.  128.  p38 

caitingc,  Plecantioaa  in  regard  lo,  (20.  p3B 

crosc-iail.  Sqiuiii«,  (26.  ^ 

driving  mechanism,  Placii«  of,  (26.  p31 

Erection  of.  in  place.  (26.  pSS 

hsdi,  Settiiw  of.  (26.  p3£ 

housings.  Setting  of,  (20.  pSO 

Preparation  for  shipment  tji,  (26,  p33 

Securing,  in  positian,  (20.  p34 

table.  Placing  of.  (26,  p31 
PhUKTS.  CkiaBd.  and  opeitiide.  (36.  pST 

Shop  erectioa  of.  (26,  p27 

SmaU.  medium-aiied.  and  large,  |36,  p27 
Planing  chilled  won,  (22,  p33 
Plate,  Angle,  |IS,  p41 

Applying  stufece,  (21.  p7 

Boon.  Iron.  (2I>,  ppl3,  IS 

Laying-out,  for  general  worlt,  (24.  p3T 

Laying-out.  for  heavy  work.  (M,  p3i 

Laying-out,  lor  ligbt  iR>rk.  (34.  p34 

Revolving  laying-oot.  (24,  pSS 
Plates.  Angle.  (13.  p47 

SuifiKe.  (21,  pS 
Plug  tap,  113,  p36 

tool  for  chdled  iron,  |23.  pit 
Pneumatic  chipping  hatDaCT.  (33,  pSl 
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Pneunutk  drilb,  f24.  pld 

bouu.  05,  PP31.  as 
Pointiiw  tool,  ^.  p8 
Pole,  Bracting  tin,  (36,  p34 
Polished  nirface.  PiniihiBC,  |18,  ntS 
PoliBhing.  Can  of  cenWn  si,  |I8,  pU 

clunp.  (18,  p3* 

lathe  work.  |18.  p33 

of  rim  of  flyrticel,  {2a.  plT 

Spevd  for.  |1S.  p33 
Poole  gnDdiog  sucfaiiM.  tSt,  pSS 
Ponsble  bmclin,  12S.  p3t 

device  (or  boring  spherical  taitMum,  |31,  p33 

dritla.  124,  pU 

buid-Dperaled  cnwa.  |ZB.  pI3 
Pom  bench.  |23,  p24 
Pown  feed,  Advantage*  of,  |I4,  pai 
PRliminary  layout.  |34,  pSl 
Pteatfit,  (IT.  ppll,  M 

fita.  |Ifl,  ppl.  4.S 

Eu.  AJlowaim  for.  |1T.  fM 

fitg.  Stiai^t.  117,  pp3«,  3S;  ^3t.  »4 

fitg.  Tapei.  f  17.  pp3S.  Mt  |2S.  ppl. « 

Mandnl.  lie.  p43 

Portable  hydnulic.  136.  pB 

Sutkmary  hrdiaulk,  tat,  pS 

SUajghtening.  |23,  p6 
Piosuie  on  file.  (23.  p45 
Prick  and  cenler  puncfaet,  |23,  pS 
PnuaiBn-blue  marldog,  ||g.  pl9 
PuUey  clunp,  IIS.  pW' 

lathe.  {30,  p54 
PuUevs,  Boring  cone.  |10,  p28 
Pump  cvliml'n.  Future  [«  boHiw  dnpkx, 

i2l.p34 
Punches.  Center  and  pridl.  IZa.  p3 

Special  foniu  of  cenler.  |23.  p3 
Puihtr,  Tool,  for  chilled  km.  (22,  p8 
Push-up  (or  tool,  122,  pll 


g.  Lathe,  f  15,  plS 


KadiU  drill.  Boriiw  •»,  (31.  pM 

drill.  Gear-driven,  |1*,  pT 

drill.  Seniitive.  |14.  pl2 

drill.  Simple,  (14.  p5 

drill.  Universal,  |I4,  p7 

drills.  |i4,  pS 

facing,  118.  plS 

facing.  Cutting  spcad  For.  (18.  pI4 

lacing  of  ststioDSry  work.  (18.  pl4 

facing,  Tools  naed  in,  |I8.  pl3 
Sail  head  for  baring  mill.  (21.  p  i 
Rake.  Angle  of,  lis,  pe 

Change  of  Itom  top,  (o  siil*  WD.  (IS.  PlO 


'   lie.  [ 


(  haii^t  of  loot  on  a^le  of. 


•r  imighing  and  Strntuma  cat*.  (M,  pB 

Pront,  of  drills,  113.  plO 

Top.  of  threading  tools,  (IB.  p38 
Rapid-motkni  viae.  |23.  plS 
Ratchet  drill.  Old  maa,  or  drilli^  croir,  ibr, 
(24,  pl8 

drills.  124.  pplS,  17 

Goirsd.  BCmr  Ufting  fada,  |2S,  pp3,  9 

tiatad.  its.  ppS,  23 

wrenches.  (23.  plO 
Raw  material,  ImfiKtioti  of,  |2g.  plD 
KaaBMf  aad  ownMcaink,  Contbiiied,  (13.  p20 

busbii«i.  DriU  and.  (14.  p37 

Chucking.  (13.  p21 

Bipaouon.  (13,  vOJ 

Oitlkiaiy  hud,  |34,  p31 

Roae  chucking.  (13,  p21 

Bteppcd.  (34.  pS3 
Rwnas.  (13.  ppll,  21 

Adjustable;  |la.  p26 

Care  of.  (13.  p3B 

Cutting  lacea  of,  |13,  pit 

Plat.  (le.  p34 

Phited  chuckle  (10,  p3li 

Hand.  |13.  p22 

Machine.  (13.  p2I 

Number  ol  cuttiag  edges  of,  (13,  p23 

Rose.  (le,  p35 

Roughing,  (13,  p34 

Shell.  (13.  p22 

Shell  chucking,  (in,  pSO 

Sulid  taper,  (13.  p34 

Stepped.  (13.  [25 

with  inserted  bLs^ai.  (13,  p26 
Reaming.  (14.  p36:  |34,  p21 

Advantage  o(  vertical.  (34,  p33 

AUowaonfor.  (13,  p23 

Care  necessary  in.  (H,  p26 

eenlar  holss,  (17.  pl8 

hole,  in  line.  (34,  p24 

inecting-rods.  (14,  p33 


Lubric 


ts  for.  (14,  p 


I.  (14.  p27 

Methods  of.  (14.  p2t 

RuK,  (14,  p3« 

stand,  |23,  p20 

T^per.  124,  p82 

taper,.  (17.  p45 
Reciptooui*     parU   of    eiwine.    Placi 
126.  pGO 

partsofeogiite,  Fhtiw,  (36.  P41 
RecUi«ular  keys.  (24.  pl2 
Reducing  error  due  to  spring  of  tool,  (18.  p 
Relief,  Angle  ol.  of  drilb,  (13.  pS 
Resetting  threading  tool.  (10,  p49 
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t.  Influence  of  diameter  on. 


Re*i>Uiice  to 

I".  P7 
Reat,  CompouDd,  (IS,  pl7 

Follower.  |1S.  plO 

Piano,  iaa.  pT 

Plain,  lis.  pis 

Riu-and-rall.  |IS.  plO 
Rots.  Hand  ilide.  |20.  pfiS 

Large  dianictei  tool.  |1G.  pIO 

Steady,  |15.  plO;  (IS.  ptS 

Sleady,  for  turret  work.  120,  piS 

Types  d(  lathe.  (IS.  pl6 

m  nDs.  (22.  p34 


Reve 


mechanic 


for 


(16.  p24 

Revolving  laying-out  plate,  ^M.  p3S 
Rieht-hand  thread.  (10.  p3 
Rner  bead.  Cuttins  o9  chilkd  roll.  |22.  pl7 


Rose  reaming.  (H.  p26 

Routing  tool.  Turning  vith.  |lg.  p22 

Roughing  and  finishing  cult  in  boring.  (17. 1*41 

and  finithinj  cuia.  Rake  for.  (Ifl,  p8 

box  tool,  120.  p6 

cuU,  Cutting  speed  for.  (IT,  pfl 

cuts  for  luming.  (17,  p26 

cuts  on  lathe.  (17,  p22 

nwnen,  (13.  p2« 

tools  for  chilled  inm,  |32,  p8 

toola.  Shapes  of  forged.  (Ifl.  pl4 
Round  dies.  Die  stock  and,  |Z4.  p28 

keys,  (24,  pl3 

■nosed  hand  tool.  |ie.  p2S 

-nosed  tools.  Proper  form  of,  |16,  pl4 
Running  fit.  |I7,  p3l 

fits.  (2S,  pi 


Rivett  threading  tool.  (19.  pfll 

Saddles.  Fitting  lathe,  126,  p22 

Rocl«r«m.Clanipiiiaof,toIace  Plate,  116,  p3S 

Rods,  Laying  out  ends  for  small,  |24.  pa2 

San,  Hand  hack,  |23,  pfl 

RoU.  Crosa  of  the,  (22,  p34 

Power  hack.  (23.  pO 

Setting  up.  in  lathe.  (22.  pIS 

Scantling  floors.  (2S,pl3 

Turning  body  of  plain,  (22.  pl7 

Scotch  drills,  (24.  pplS.  20 

Roller  feed  for  bars,  (30.  p33 

Scraper.  Holding.  (24.  pS 

supports  (or  drilling.  |14.  p41 

Scrapers  Flat.  (24,  ppl.  a 

turner.  (30.  p33 

for  curved  work.  (24,  p4 

RoUers,  (2&.  p3 

Forms  d,  (24.  pi 

HaU-rouod.  (24.  pp2.  6 

Hook.  124.  ppl.  2.  4 

Three-comeiiid.  (24,  pp2.  3 

Grinding  chilled.  (22,  p2B 

Use  of.  124.  pi 

Grinding  of.  [22,  p32 

Scraping.  124.  pi 

Holding  and  driving  hoUow,  (32.  pt6 

center  holes.  (18.  p45 

Hot  and  cold.  (22,  p23 

edge  of  driU,  Angle  and  length  of.  (14.  p33 

bthebads,  (3e,plS 

Uthes  tor  tuming  chilled.  (22.  p« 

lathe  work,  (IS.  p30 

Returning  worn,  [23.  p24 

Preparation  of  aoifsce  tor,  (24.  pG 

Si»  of.  for  KTorking  hot  iron,  (23.  p24 

turned  cast-iron  surfaces.  (18,  P33 

Testing.  |2Z.  p32 

for.  (19.  p2a 

Tuming  and  grinding  chilled,  (23,  p3 

cutting.  Errors  in.  (19,  p4S      , 

Tuming  chilled  solid,  (23.  pS 

cutting.  Gear-box  method  oI  gearing  lathe 

Turning  concave.  122,  p23 

for.  (19,  pfi3 

cutting.  Reversing  mechanisms  for.  (ID.  p34 

Tuming  gwoved,  with  open  pBEse*.  (22.  p21 

-geared  bkicks.  |2i,  pp31. 25 

Turning  hollow,  (22.  pp25,  2S 

j«Ji,  (13,  p4G 

Rooms.  Inspecting.  (26.  pl2 

jack,,  (25.  p3 

Root  diameter  of  thread.  (19,  pi 

^acla.  Uaeof,  |24.  p41 

of  thread.  (19.  ol 

lifting  jack.  125.  p8 

Rope  fcnou.  bends,  and  hitches.  (IS.  p47 

lifting  jacks.  Geared  and  ratchet.  125.  pO 

splicing,  12S.P41 

machine.  Chuck  for.  (20,  p4 

Use  of.  as  pipe  wrench,  123.  plS 

machine.  Hand.  (20,  p2 

Ropes.  (25.  p39 

Inapection  of.  (25,  p40 

stop.  (19.  p34 

Roae  chucking  reamer.  (13.  p21 

threads,  (19,  pt 

reamers.  (18.  p3S 

thread.,  Calipering,  (19.  p4a 

idb,Googlc 


Screw  Chmdi.  Catting,  |19.  p32 

th-cfids.  Cutting  on  lathe.  110,  p24 

thnada.  Pittii«.  on  tanw  Mbx,  |19.  p4ll 

tfamds,  IiUKcuiacy  of  pitch  of,  |10.  pST 

Ihisda.  Measurins.  110.  p3 

thrada,  Table  of  Acme  itandaid,  (IS.  pl8 

thnada.  Table  ol  Britiab  itaodard,  or  Whit- 
worth.  I  IS.  p20 

TKble  of  Society  of  Automobile  Bngiaeers' 
■tandard.  119.  pZZ 

viM,  |23.  pl6 
Screwa.  StniEhteoiiiB  lead,  |18,  pZ2 
Soriben.  (23,  p4 
Seuoning  lathe  bcda,  136,  plB 
Selectbn  of  grindina  wheeli  for  chilled  inn, 

fZZ.  P31 
Sellen  thieul.  ItS.  pS 
Semibiih-apecd  aleeli,  {IS,  pl3 
Semitivc  drill.  Center  drilling  with,  |U,  ptZ 

dnll.  HJah-aposd,  111.  pl4 

drilli.  114,  pll 

ndial  diiU.  |I4,  plZ 
Setting  by  lining,  in  boring  machine  work, 
|S1.  P21 

by    tramming,    in    boring    Dwchioe    wDtk. 
f21,p20 

engine  on  foundation.  |2a.  p47 

of  leaner  bouatngs.  (Zfl,  pSO 

of  aide  tool,  117.  pJl      ' 

over  tailatock  for  taper  turning.  |I8,  p3 

planer  heada,  124.  p3S 

thnsdiog  tool.  110.  p7 

to  layout,  in  boring  machine  work.  121.  p21 

tool*  on  boring  nwcbine,  121,  p20 

up  roll  in  lathe,  |22.  plS 

nork  on  boring  mschine.  fZl,  p20 

Koik  on  horiiontBl  Boor  milli,  121.  pSB 
Shaft.  Pitting  of  engine  cnnk.  128,  p39 

Lining  up  flywheel,  fZfl.  pis 
Shafting,  ^wcial  lathe,  |18.  p20 
Shank.  Drill  socket  far  taper,  f  13,  p37 

Flat  drill.  113,  pe 

Straight  drill.  |13.  plfl 

Taper  drill.  113,  plS 
Shanks  and  socketi.  Short  drill.  113.  plS 

Drill.  113.  pie 

Special  (oims  of  drill,  113,  plS 
Shape  ol  file*.  |23.  p3« 
Sharp  or  V  thmd.  |1».  ppf ,  6 
Sharpening    machinei    for    circulai-cut    Glea. 

|Z3.  p52 
Shell  chucking  nslnert.  f  Ifl.  p36 

leamen.  |13.  p22 
Shipment  of  planer.  Prepamtion  for.  126.  p33 
Shop  eiTcting,  {25,  pi 

erection  of  plancra.  {26.  p27 
Short  aplice,  125.  pp41,  42 


Shrink  tic.  117.  pp31.  37 
fits.  §26,  ppl.7 
fits.  Allowances  for.  |17,  p38 
Sis.  AaseinblinK,  117,  p3S 
fits.  Heating  work  for.  126,  p8 


fitso 


s.  117 


Shrinking.  Examples  of.  |26.  p9 

Sectional  keys  far.  {26,  p8 
Side  chisels.  123,  pp24,  26 

file.  123.  Ppaa.  37 

tool.  Setting  of,  |17,  p21 

tools,  lis,  p20 

toola.  Clearance  angle  of,  IIS.  pll 

toola.  Grinding.  |16,  p20 
8imp)e-g«ared  lathei.  |I0,  p2S 
Sii«lfrcut  files.  123.  p33 

-end  boring  baii.  121.  pl6 

thread,  |10,  p2 
Sjiea  oi  files.  123,  p35 
Slide  reat.  Hand.  {20.  pW 
Sliding  tit.  {17.  p31 

Gta,  ize.  pi 

fitt.  AUowancea  for,  |17.  p32 
Slingi.  |Z5.  p39 

Inipection  ot,  {25,  p40 
Slot  drills.  Forms  o[,  113.  pl2 

drills.  Use  o(.  {13,  pl2 
Slotted  bar.  Boring  tapers  with,  (17.  p46 
Small  rods,  laying  out  ends  for,  124,  p52 
Socket  for  Uper  drill  ihank.  {13.  p37 

Key-grip  drill,  113,  p3S 

Pin.grip  drill.  113.  p38 

Strai^t  drill,  with  aetscrew.  Il3.  p3S 

wrench.  Extension  for.  {23,  plO 

wrenches,  {23.  plO 
Sockets,  Drill,  {13,  paS 

Short  drill  shanks  and.  {13.  plS 
Society   of    Automobile    Engineers'    standard 

screws.  Table.  {16.  p22 
Solid  bushings  for  foUowcc  rest,  |18.  p20 


wmill,  1 


els,  115.P41 
tnandnls.  Cast-iron,  |15,  p45 

Special  forming  heade,  (20.  p20 
Speed  (or  polishing,  118.  p33 

lathe.  120.  p64 

-lathe  countershaft.  |20.  p56 

of  work  for  filing.  IIS,  p31 
Speeds  and  feeds  for  drills.  Cutting.  114.  p46 

and  feeds  for  high-speed  steel  drills.  114.  p55 
and  feeds.  Grinding.  122.  p3l 
at    which    drills    were    run    when    broken. 
{14.  p5e 
Spherical  bearings.  Boring.  {21,  p32 
lurfaces.  Fixture  for  turning,  {21,  pit 
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Sphoricul  surfaces.  Portable  device  for  boring, 

|2I,p33 
Spidcn.  Cester,  |1G.  p48 
Spindle  uiil  head,  DriU  pnu.  IH,  p3 

BBU-beanng  drU[,  111.  p4 

Live,  of  Uthe,  {15.  pit 
Spindlet.  BorioB  for  b 


Taper  bola  in  bewModi,  |as.  p24 

Untvenal  adjiutable  drill.  |14.  pl8 
Splice,  Bye.  i2r,.pp*l.« 

Long.  |ZG.  pp41,43 

Short,  136.  PP41.  41 
Splices.  Making.  125.  pdU,  43.  4« 
Splicing  rope,  |2A.  p41 

took.  Rope-.  125,  p41 
Spot  fHCing,  |13.  pS 

-facing  cutters.  Poms  ot,  113.  i>34 

-facing  opentiona,  |13.  p34 

facing  under  side  of  fl*i«».  113.  p34 
Spring  die,  120,  pl2 

due  to  DKlhod  of  driving.  fIS.  p3S 

Effect  of  [one  of  cut  oa,  US.  p3« 

Effect  of  weight  of  work  on.  f  18,  pSS 

□I  boring  bar  and  work,  117.  p43 

of  boring  loott,  |I«.  p31 

of  lathe  tools.  118.  pSfi 

ol  tool,  Reilucine  errar  dus  to.  fl8,  p38 

of  •rork.  118,  p3S 

of    work    from    pnMure   of   chuck    jawn. 
115.  p3£ 

SidewiM,  o(  tbnad  tool,  11>,  p3S 

tools,  fie.  p27 
Springing  wotk,  Actton  of  benl-iail  dog  in. 

fl8,p3fi 
Spotting  of  shaft  lor  steady  reil.  |18,  pl8 
Square  broach.  |M.  ppS,  9 

dies.  Die  stock  and.  134.  p27 

knot,  125,  p4» 

threttd.  1)6.  ppS.  14 

thread  tool,  119.  pM 

threads.  Cutting.  110.  018 
Squaring  cross-nil  of  planer.  128.  p3Z 

ends.  Tools  used  for.  117,  p2l 
Suck.  Change-gear.  110.  p34 
Stand,  Piling,  123,  pao 

Reaming.  {Z3,  p20 
SUndard    bolls.   Variations    in    diameter   of. 

lie.  pi3 

Upss.  lis.  p2 

tbnads.  Reason  lor  selecting.  |ie.  pll 
Stationary      eo^ms.      Erecting      faoriiontal. 

128.  p3T 
8t«dy  reet,  115,  plO:  }18.  pl5 

rest  for  turret  work.  120,  p23 

rest.  Spatting  of  shaft  for,  |I8.  pl8 
Steam  cyUndfcs,  Lagging.  128.  p43 


Steam,  gas,  aitd  mtar  pipe.  Table  of 

IH.  P4» 
Steel.  Caibon  tool.  IW.  pl2 

Cbinl.  |2t.  pSi 

File.  124,  p3 

High-opwd.  lie.  pl3 
Steels.  SeBJh^'Speed.  118.  pl3 

used  for  catting  tools.  116.  plS 
Stcpfwl  TlBoer.  1>4.  p23 

leamera.  |13.  pZS 
Btillaon  pipe  wrcDch.  123,  pl3 
Stock,  Die.  aad  mand  dks.  |34.  p28 

Die.  and  squan  dies.  |24.  p37 

Pipe.  124.  p30 
etop-SBi«e.  130.  p< 

Screw.  119.  p34 

■yitem*.  Por  tutet  latbe.  |3D.  pSfi 
Strai^t-faced  fanning  tools.  |10.  plT 

•patn  hnnnMn.  iti.  pi 

-Uiled  dog*,  lis.  p41 
Straigfatening  lead  Miewt.  118.  p3Z 

machines.  US,  p30 

pnss,  |33.pa 

small  work.  US.  p30 
Strencrtk.  BSaca  n(  height  of  Htbe  tacA 

118.  pll 
Strip,  Chipping.  |il3,  pSB 
Studboh  wrench.  138.  pl3 
Supporting  of  planer  bvd.  |28,  p28 
Sopports.  Roller,  for  drillmg.  |14,  p41 

Trunnion,  |14.  p44 

V.  for  drilling,  |14.  p40 
Surface  gauge.  Locating  centals  by.  |17,  p] 

plate.  Apfilyiic,  |24,  p7 

plates.  124.  p6 

Preperstkn  of,  for  scrmping.  124.  pO 
Surfaces,  Piling  broad,  |Z3.  p44 
Swing  of  lathe,  |1S,  plO 
Swivel  vise.  123,  p  17 


Table,  Boring-machine,  Kl.  pl6 

Drilling  machine.  |1S.  p44 

of  drilling  machine.  113.  p4 

Placing  of  plaBer.  fSO.  P3I  --- 

Universal,. 114.  p7 
Tackle.  Bk>ck  asd.  !««.  H>S1.  £3 
Tags.  Inspectkni.  fis,  pl2 
Tailstock.  Details  ol,  |15.  pll 

Lathe.  115.  pB 

Setting  over,  for  taper  mming.  US.  pS 

spindles.  Boring  for,  |20.  pao 

Thrust,  116.  pl2 
Toilstocks.  Machining  and  fitlinc.  lao,  pit 
Taking  the  Uthe  cut,  117.  p21 
Tang.  Drill.  |13.  pI8 
Tap.  Bottoming.  |13,  pSB;  |S4.  p27 
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Tap  dn1li  for  madiiie-KtBir  tipa,  Table  of, 

IH.pSl 
driQi  (or  tapi  »hk  D.  6.  ■tudoid  Ihrada. 

Tibk  o(.  |li.  Ota 
drilli  for  t>p*  wlUi  *  thmdi.  Table  ol, 

|M.P«) 
hoLo,  AdvuUse  •(  luSB.  |1*.  P4 
PIiW,  tl3,  pm 
Taper.  |13.  pSS 
Taper  (tUchneDt.  (15.  pIS 


117.  P44 

dciU  dunk,  f  13.  pifi 

file.  133.  pp3B.  37 

bolea  is  headstock  ipindlea.  iM.  jM 

ol  keya,  {».  ptS 

reamen,  Solid.  |13.  pH 

reamiiis.  124,  p23 

thank.  Drill  (nclM  for,  |13,  pST 

tap.  113,  pSt 

TmUds,  when  turoins,  |I8,  pll 

tonilns,  f  IS,  pi 

Tumins  and  Attfe«  cf ,  |18.  pll 

turaiiv.  Biample  of.  f IS,  plO 

-tumint  lathe.  Plain,  |9),  pM 

turning,  Objections  to  ■ettiof  over  o<  dtad 
ceillei  in.  |1B,  ppT.  8 

turning,  IibKtloB  of  tool  for.  |1S,  pll 

tumiDg.  Setting  by  uotdMS,  |1S.  pi 

turning.  Setting  by  tnmiDg  paiaDal  to  two 
diameten  In,  IIS,  pfl 

tumina.  Setting  over  tailnock  for,  |18.  p3 

turning.  Setting  iiith  a  model  piece  in.  flfl.  pT 

turoiog.  Dae  of  compound  lett  In.  f  IB.  pV 

tumina,  Uk  of  two  feed^ntiona  te.  |1S,  plO 

tumiog.  Wear  of  centen  la.  |lg.  pT 
Tapered  work.  Tbieulinc,  |19.  pM 
Tapen,  Boring,  |1T.  p44 

Boring,  with  ilotted  bar.  |1T.  p46 

Boring,  with  traveling  head  bar,  |17.  piS 

BapreaaiflQ  and  foiming.  f  IS,  pi 

Method!  (d  tuning.  |18,  Kl 

Morae,  tI3.pl7 

Reaming.  |1T,  p4B 

Standard,  |1S,  p3 
Tapping.  |I3.  pi;  (11,  pZ7;  |1S,  pOO 

Attachmenu  for,  |I0,  pel 

chudo,  Aotoraitic  rrverae.  |IS,  p43 

device.  Safety  driUii«  and,  f  13.  p12 

DrilUst  botea  for  pipe,  (14,  p3t 

Hand,  |M.  p34 

hole.  Correct  liM  of.  |14,  p3S 

boles,  lie.  pei 

lig.  it*.  P2S 
Lubric«iu  (or,  |14,  p53 


Tapping  monk  tbteadi.  IM,  pM 
Taps.  its.  p3B 

BBect  of  using  didl.  |lfl.  p47 

Hand.  IIS,  pOl 

Holding  of.  ISO.  pl6 

Number  of,  necttKry,  |31,  pSB 

Use  of.  lie.  p«0 

used.  Potnwof.  |14.  p)tT 
Tar  ooncrete  flom.  fl£,  plS 
T^t  drill,  IIS,  pl3 
Teeth,  Forms  o(  Bk.  iB3.  pS3 
Temperature.  loflueo™  of,  on  fiu.  (28.  pfi 
Templet,  Poundatioa-boH.  |£S,  pl3;  ia».  pM 
Tonpleti  for  closed  ps«es,  m.  P» 

for  open  paoea,  (23,  pSO 
Testing  and  scnping  kthc  bcda.  tSt,  pit 

chilled  casting.  (St.  Pl7 

form  of  drill  point.  |11,  p3S 


s.|l«.p 
kicatian  ol  cenliia,  f  17,  pl8 
of  taper.  |1S.  pll 
nilla.  |2S.  pSZ 

rolls  for  itraightnessof  lutlace.  |W.  pi* 
Tbmd.  Acme,  110.  pCi  |1»,  pl7 
British  itandard,  IIS,  ppS.  IB 
chaaar*,  Form  of.  ISO,  pl4 
cutting.  124,  pH 

cutting,  Antomalie  dies  (or.  |10.  p6T 
catting.  Lubrication  (Or,  |I9,  pSl 
cutting  tool,  Unitsd  States  staBdaid.  (10,  pll 
Diameter  of,  (10,  pi 
Double,  lie.  p3 
Bitemal,  (10,  pi 
lemale,  IIS,  pZ 
Formal  adoption  of  United  States  itandaid, 

119,  pl3 
Pianklin  Inatitute,  (IB,  p« 
gauge,  tJnitad  Butea  staadard.  |ie,  plO 
Height  of.  lie.  pi 

lotemal,  |ie.  pt 

Lad  of,  lie,  p2 

Left-hand,  |ie,  pi 

Machine-screw,  lie.  pi 

Male,  lie,  pi 

Pitch  of,  lie.  pi 

Point  of,  (ie.pl 

Ratchet.  |10.  PpS,  23 

Il«ht-hand,  lie.  pS 

Root  diameter  of,  lift,  pi 

Root  of,  (10.  pi 

Selltn.  lie.  p5 

Shape  of  iharp  or  V.  (IB.  ppj.  0 

Single,  (IB,  p2 

Square,  lie,  PpS,  14 

Square,  tool.  |1B.  pl4 

T^Ie  o(  metric.  |19,  pp32,  23 
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5ri«the«hto[,  llB,  p30 

tDDl.  Sideviic  sprinfc  of.  f  19,  pSS 

tools.  Brulwge  of,  |1S,  p3S 

tooli.  Effect  of  luing  dull,  |ie,  p47 

Triple,  no,  p2 

United  Suta  >t«niiud,  |19,  pp5,  8 

V.  IIV.  ppft,  e 

V,  Perfectry  fitted.  119.  p4S 

Whitwonh.  |I0.  DlO 

Worm,  f  IS,  p21 
Threading  pipe.  |30.  pOl;  |34.  p29 

tapered  work.  flB,  i>43 

tool.  CriadiDa,  |ie.  p7 

tool.  Roettim,  |I9. 1»4S 

uxil,  Rivnt,  fl9,p51 

tool,  Settios,  119,  pT 

toob,  tiuertcd-blule.  f  10,  pS 

lools.  Top  rake  of.  f  IB,  pSS 
Threads.  Automobile.  IID,  pSl 

Comtnon  tomia  o(.  |19.  pG 

Chonae  gears  for  metric,  |I9.  p31 

Chuing.  OQ  monitor  lalbe.  |20.  p24 

Cuttine  Acme.  {19,  pl8 

Cntttng  British  stondaid,  |19.  p2D 

Cutting,  by  band,  |19,  p66 

Cutting  double,  il9,  p47 

Catting  inside.  {19.  pp39.  41 

Cutting  multiple,  |I9,  p37 

Cutting  screw,  |IS.  p32 

Cutting  iciew,  on  lathe.  |19,  p24 

Cutting  iquara.  |19,  pia 

Cutting  triple.  |19.  p3S 

Bipreseing  pitch  of,  f  19.  p4 

Measuring  screw.  119,  p3 

Multiple,  119.  p3 

Pipe,  124,  p2T 

Precautioni  in  cutting,  f  19,  p4S 

Rea«m  tor  HlectiHg  BUndaid.  ItS.  pll 

Screw,  f  IS.  pi 

Table  of  Acme  gtandard  screw.  |I9,  plS 

TUile  ol   British   sUndard.   or   Whitwor 
■crev.  f  19,  p20 

Tapping  imoDth.  |24,  p2fl 

Tating  inskle.  |I9.  p43 

Tool  for  cutting  V.  119,  p5 

Tools  [or  cutting  inside.  |19.  p4a 
Tbroc-comered  hand  tool,  §16.  p29 

-<»mered  scrapers,  |24,  pp2,  3 
Thrust.  Tailstock.  f  IS,  plZ 

bearing.  Headstock.  119,  pll 
Timber  hiich,  i2S.  p49 
Time  required  to  take  cut.  Finding.  [IT,  pI2 


Tbol,  Caliper.  118,  p6 

Condtttoni  governing  shape  of  lathe.  IIS,  p7 
Cornet  height  of  thread,  |i9.  p30 


Tool,  Cutliog-ofl,  for  chilled  iron.  |22.  pla 

Diamond-pointed,  (17.  pZ4 

Effect  at  height  on  itiength  of  lathe,  fie.  pll 

Effect  of  near  of.  in  turning.  118.  p$l 

Pacing,  for  chilhid  iion.  |Z2.  p8 

Finuhins  bai.  (20.  p7 

for  cutting  threads.  119.  p3 

(or  turning.  Position  of,  il7.  p25 

Grooving,  for  chilled  iron.  (22.  p8 

grioding,  f  IS.  p29 

Grinding  threading.  119.  p7 

Height  of  boring,  lie.  p23 

bokler.  Heavy  inserted  blade,  f  16.  pi? 

boklers  for  turning  tools.  118,  pl6 

Hubbing.  113,  pl5 

loaerted-blade  partiiw,  IIS.  pl9 

Inverted  parting,  |20,  p21 

Paning.  {20.  p9 

Parting,  or  cutting-off.  |I9,  pl8 

Phig.  for  chilled  iron.  122.  pll 

Pointing,  (20,  pS 

Position  of.  for  Uper  luraiog.  llB.  pit 

rest.  Large  diameter,  ll8,  plO 

Roughing  boa.  120.  pS 

Setting  iniide-thiead,  119,  p40 

Settii«  of  side,  {IT.  p21 

Setting  threading,  {19.  p7 

Sidenise  tpiing  of  thread.  |I9,  p3G 

Spring  of  boring.  IIS.  p31 

steel.  Carbon,  f  IS,  pl2 

steel.  Relation  of,  to  cutting  speed,  117.  pS 

Turning  with  rotating,  f  13.  p22 
Toobnakers'  lathe.  (20,  p4S 

latbe.  Special  chucks  for,  |20.  p43 
Toob  and  appUances.  Erecting.  129.  Pi 

Bent  lathe,  118.  p2S 

Boring,  lis,  p2l 

Breakage  of  thread.  |10.  pSA 

Built-up  turning,  for  cUUcd  iiOQ.  |Z2,  pll 

Centering,  f  17,  pl9 

Chucking,  lis,  p33 

Circular  forming,  120.  plS 

Clearance  angle  of  side.  |16.  pU 

Conditions  influencing  angles  o[  lathe.  |16.  p7 

CrOH-slide,  [20.  pg 

Drilling.  tl3,  pS 

Effect  of  feed  on  shape  of  lathe.  119,  p9 

Effect  of  hardness  of  metal  on  shape  of  lalbe, 
118.P8 

Effect  of  improper  grinding  of,  fie,  p32 

Effect  of  kind  ol  meul  on  shape  of  lathe. 
IIS.  p7 

Effect  of  using  duU  thread.  |19,  p4T 

[or  brass.  Shape  and  lettiiv  of  lalbe.  lis,  pll 

for  cuttir«  inside  threads,  |I9.  p4a 

for  planing  chilled  iroD.  |23.  pp33.  34 

for  turning  chilled  tron.  Material  Eot.  f2£.  pT 
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Tools,  ForBcd  fonnini.  130.  plA 
Fonniog.  f  IS,  p3e 
Forms  of  cuttinc.  |1S,  i)12 
Grindinc  of  dismoiid-poiiited  inaerted-btade, 

lie.  piT 

Grindiniiide.  lie.  p20 

Griading  lunuDg.  tor  chilled  iron,  123,  pl4 

Band,  US,  p2S 

Holden  for  diamond  point.  |1S.  plT 

KoldinB.  tor  cbiJled  iron.  f22.  plZ 

Holding  lathe,  for  hollow  mill,  f  22,  p37 

liuerted'blade  thnsding.  |ie.  pS 

Latbe.  lie,  pi 

Layine-out.  |34,  p3* 

Lip,  far  cbilkd  inm,  |2Z.  p8 

Nurling.  130.  pO 

Propel  form  of  Kmsd-noced,  |IS.  pll 

Rope  iplicing.  f2S,  p41 

Rouifhiag   and   finiihiiv,    for  chitkd    iron. 

122,  p8 
Setting,  on  boiing  machine,  f2I.  p20 
Shape  of,  for  borins  bar.  in.  pl3 
Shapei  of  foissd  lougbing,  fie,  pl4 
aapCB  of  lathe,  |1S.  p29 
Side,  f  IS.  p20 

Solid  totning,  for  chilled  iioD.  122.  p7 
Spring.  |I6.  p2T 

Stuting  chucking,  tme.  lie.  p3T 
Steeli  used  for  cutting,  f  16,  pl2 
Strai^t-faced  forming.  (20,  pi  7 
Tlieory  of  cutting.  |1S,  pi 
Tb«ory  of  cutting  tools  applied  to  band, 

f  IB.  pi 
Theory  of  cutting  toola  applied  to  madilne. 

Iie.p4 
Top  islce  of  threwling,  IIB.  p36 
Turning  loTged.  |lS,pl2 
Turret,  and  their  uses.  {30,  p6 
used  for  squaring  enda,  ilT.  p21 
used  ui  bench  and  vise  mrk.  {23. 
•dial  facing.  118,  pl3 
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Top  rake  of  Ihresding  tools,  |ie.  p36 
Tramming,  Setting  by,  in  boring  machine  w 

121.  p20 
Traveling  boring  ban,  |2I,  ppl5,  17 

cranes.  Electric.  125,  p32 

cranes.  Hand-operated.  125,  p31 

ciaites.  Kinds  of,  |25.  p31 

head  bar,  Boriog  tapers  vith.  {17,  p4£ 

'head  boring  bar.  |21.  plS 

bead.  Boring  bat  with.  {16,  p40 
Tiesttes  and  bkicki.  {26,  pp3.  6 
Triple  thnad.  {IS,  p2 

thread).  Cutting.  {19,  p3g 
Trolley  cranes.  {29.  p30 
Trucka,  {3S,  ppSl,  U 


>.  {33,  p21 


Trucbi.  Hoists  and.  {25.  p21 
Trunnion  supports,  |14,  p44 
Turner.  Roller,  {20.  p33 
Turning  a  crank-shaft.  (18,  p36 

and  fitting  of  taper,  (IS.  pll 

Ball,  {IS.  p26 

body  of  plain  roll.  {22,  pl7 

cams.  {IS.  p27 

chilled  iron.  Material  for  tools  tor,  {32,  pT 

chilled  mill.  {22.  p3 

chilled  tolls,  Lathea  for,  {22.  pS 

concave  rolls.  122.  p23 

crank-shafts.  Laying  out  centen  for.  |1S,  P 

Effect  of  wear  on  tool  in.  118.  p5l 

Finishing  cuts  for.  117.  p2S 

grooved  TOlls  with  closed  pi 

grooved  rolls  with  open  pas 

holkiw  rolls.  {22,  pp25,  38 
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